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undeſſbot wheels,-—The experiments made, and here fully 
L explained by Mr. SMEATON, (who, as a practical me- 
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| nally deduced from experiments made on working models, 
"te. 7 5 which] look upon as the beſt means of obtaining the outlines in 
5 mechanical enquiries. But in this caſe it is very neceſſary to 
diſtinguiſn the circumſtances in which a model differs from a 
machine in large; otherwiſe a model is more apt to lead us from 
the truth than towards it. Hence the common obſervation, 
that a thing may do very well in a model that will not anſwer - 
in large. And, indeed, though the utmoſt circumſpection be 
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being of ſuch a thickneſs, that, its ſection'is half the area of 
that of the pundp-barrel, will cauſe the ſurface of water to 
iriſe in the head, as much while. che piſton is 
2s while it is rifing: and will thereby keep the gauge-rod 
F G more equally to its height. Vote, The arch and 
bandle M M is here repreſented on a different fide to 
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its dimenſions 9 the donetoppear. + | 
4 4 3 of the tyo wires which 8 di” 
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5905 e i eee e ee 


4 
* 


Ms 7 is che ar, e hu. N 4 05 4 N 1 ea _ 2 12 
I "TA 48 75 c by. "4, * 11 
| eee na de lower ciſtern 3 and gh 


| atv 2 * At Þ Fe wy WET en 2 8418 1 4 l 8 7 vii? . 
cena floping board, for bringing * the was that is. 
| *: +,7thrown 1 at n 35 


1 
% +& * 


181 9 4 d#£ n at 


Fi ig. 3 Spool one « end of the main axis, with a ſection of 
5 ole a marked O in ene ee 


2 oy 


7 ABTDis the end of the ani whereof the parts. 


| \B and D are covered with kunde ox hoops of bg. - 


/ 

wo EIA is a zin of metal; whereof * pre marked | 
4 A 3 444% L” 4 
4 . SSH $7545 483+ 34 913 TAE 
$ , / 
; 1 * bote be. [0 
7 7 ! vos n Me * 

15 „ i? c e 18 
1 ; : 
/ 
. 1 ; Co * 
| 
| 5 Mu 
5 1 " 5 \ , 


NE? REP ICED es: 5 
en the baten of in ill eplndee of 60, de dune, 


7 5 bi of the interior part being ſome what > er 25 
„„ od ns lindrical ferrule B. ne 1 


* 
2% of "PIT 
I 5 ” %* © 
1 . 4 re & N 


f 5 os th dare of 4 car d br, ae eh Had of 
| | the hollow cylinder, and which is adjuſted to that marked 


B, ſo as to flide freely e with as little ſhake as 
* Polfible. * OT NZ ies 

De wy t 
267470 W date? af ori TORY 25 and 
ſocket, fixed upon the other end of the hollow cylinder; the 
20 ſocket dd being adjuſted. to flide freely upon the cylinder 
: E, in the ſame manner as e e ee 

inder B: the outer end of the focket a 

: 4 * formed „ by outings Gs a. 
' „ hollow cylinder will move backwards and forwards, or 


turn round at ei e Long! Oe | 
- axis Band F. * : 


1 * — 2 #793 3% 1 * 714 ITE 3446 235 + LL + 4 


| <b> ada the Section of n dend GW fixed: 
1 9 5 wege, e ener 


a * OM. P11 4% $55 22 2111 $32 
7 ee b een in wal; 'h in th inanner of x pe? whe; =Y 
| "EO e | | 
i [Evi . i +1 


ot ae enen e 'the plats 544 e ee 


- tothe ende P. che teeth - of the ferrule e e. will lay 
Po an . F A5 ee bs N vg Ys nn 


| G, « pn bes nn th wen by wich mas the far. 
cylinder is made to turn along with the wheel and axis: 
5 dut being drawn back by the button g g, the hollow 
| nder is thereby diſengaged from the pin G, and Ceaſes 
- B 3 e turning 


45 


6 No FINK {2p 1 | * . ke 
tutniag. e The' bete in eee 


e rinning ack; -by v wach that plays 822 
bol ide fatchet 66. . e 1 


1 ihe TR CRT 1 0% 


ieee 1 ic) F e 1 8 
K n 1 CI 3 7 T1 1 E. 4 3 
_ ” 


ee 6 eber dur, ue, ch . 

inds and raiſes the weight, is put in action 

50 eee While the wheel 
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15 W 1 be obliged to make te of a term which has 
heretofore been the cauſe of diſputation, I think it neceſſary to 
affipn the ſenſe in which 1 would be underſtood to uſe it; and 


hears Ippreticnd le b uſd by practical Mechanichs. bt 


be word Priver, a unde in Pastel e "Ib 
hend to ſignify the exertion of ſtrength, gravitation, impulſe, or 
prefiure, fo as to produce motion: and by means of firengdp 
gravitation, impulſe, or preſſure, compountad with motion, to 
be capable of producing an effect: and that no effect is pro- 

perly mechanical, but what requires fach a kind of power to 
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the height ta which it can be raiſed in a given dme, the product 
is the meaſute of the power raiſing it; and confaquently, all 
thoſe powers are equal, whoſe; products, made by: ſuch multi- 
pliratibn, are equal :' for if x power cah raiſe twice the weight 
ta the ſame height; or the fame weight to wwice the height; in the 
nnn thrg oi]; 


power! 'or, in dthex wordh, if the weight raiſed is multiplied by 5 
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height; or double the weight to half Be height, in ihe fame time 


pony that another can, thoſe two powers are equal. But nate, all 
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eee 
P een, 
"In donipating thi e nah e ch as | 
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part of the driginal power 18. neediarity ien in He applidhtion, 
we muſt previouſly know how much of the power is ſpent in 
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Pop ht regis real velo8ty of the wats in the Intake | 
| that, it &rikes the wheel; ak ths real quantity, of water en- 
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manner of finding the real expence of water, ſo far as concerns 


the following experiments, without having recourſe to theory; 
being matters upon which: nant .in OF rp depend, . 
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It has rnd bern mentioned, in the os to 7 — n 


dn weights are raiſed by a cord winding round a cylindrical * 


part of the axis. Firſt, then, let the wheel be put in motion bvßßʒ 
dhe water, but without any weights in the, ſcals; and let be 


mumber of turns in a minute be bo; no it is evident, that was 


he wheel free from friction and reſiſtance, that 60 times the 
circumference. of the wheel would be the ſpace through which the 
water would have moved in a minute; with that velocity where- 
with it ſtruck the wheel; but che wheel being incumbered by 
friction and reſiſtance, and yet moving bo. turns in a minute, it 
is plain that the velocity of the water muſt have been greater 
ch n 60 circumferences, before it met with the wheel, Let now 
the cord be wound round the cylinder, but contrary to the uſual » 
way, and put a weight in the ſcale; the weight ſo diſpoſed 


; (which may be called the counter-weight); will endeayour to aſfiſt 
the wheel in turning the fame way, as it would have been turn- 


ed by the water ; put "therefore as much weight into the ſcale 


as, without any water, will. cauſe it to turn ſomewhat faſter 


than at the rate of 60. turns in a minute; ſuppoſe 633 let it now 
be 0 gn by * "Waters e by * weight; t the wheel 
we > * there» 
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therefore will now make more chan 60 turns; ſuppoſe 64 : 
-. hence we conclude the water ſtill exerts ſome power in giving 
motion to the Wheel. Let the weight be again ineresſed, ſo as 
to make 644 turns in a minute without water: let it once more 
be tried with water as before; and ſuppoſe it now to make E 
Tame number of turns with water as without, vix. 644: hence 
it is evident, that in this caſe the wheel makes the ſame number 
of turns in a minute, as it would do if the wheel had no friction 
or refiſtance at all; becauſe the weight is equivalent thereto; 
. for was it too little the water would accelerate the be, 
yond the weight; and if too great, retard it; ſo that the water 
now becomes a regulator. of the wheel's motion; and the velo- 
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In like manner, in ſeeking 4 8 ene er madimum, d 
ol effect; having found by trials what weight gi ves the greateſt 
product, by ſimply multiplying the weight in the ſcale by the 
number of turns of the Wheel, find what weight in' the ſcale, 
| When the cord i is on the contrary ſide of the cylinder, will cauſe 

the wheel to make the ſame number of turns the ſame way, with 
cout water; it is evident that this weight will be nearly equal to 
all friction and reſiſtance taken together; and conſequently, that 
the weight in the ſcale, with twice ® the weight of the ſcale, add- 
ed to the back or counter-weight, will be equal to the weight 
that could have been raiſed, ſuppoſing the machine had been 
without friction or reſiſtance; ' and which multiplied by the 
height to which ene . © carer _ be the * 
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was ſo carefully made, that, no water eſcaping back by the lea-. 
| thers, it delivered the fame quantity Co ena 
whether worked quick or flow; and as the length of the 5 

firoke was limited, conſequently the value of one ſtroke 8 
ee 20%. exactneſs, 12 ſtrokes) was known, by 
the height to which the water was a” e one 
which, being of 4 regular figu n meaſured. The | 
Bikes, by wich the with? ns He upon the wheel, was 
-made to ſtop at certain heights by „ peg. 
was in the fame hole, the aperture for the effluent water was 
the ſame. Hence the, quantity of water expended by any given 
hb, aid opening pening of the ee obtained : A OR 
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86 turns, gives 6450 inches for the velocity of the water in a 
minute; 5 of which will be the velocity in 2 fecond, equal to 7 
110745 ine or 8,96 feet, which is due to a head of 15 N 
inches + ; and this we call the virtual or effefive head. ' 
| : , . „„ N Pte | 


XI Seite i eee the vater 


| fo fat as ſupplied by the flaice, the accumlated water falls back up- | 8 
: | be ned noaanage and the wheel R 


1 This . eee * 
an VVG 


— 


0 rv ". — 
* 1 P « a * — . 2 my 
. yes, on ind SEE EEE NEED — —— 2 
FIR 
G 


PCS PTT 
: 48 I, 
: - 
I 2 


12 


x 


4 
4 
, 
x 

- 


5 n | 1 | EXPERIMENTAL nagar, 


"The a area of the head being 105,8 inches, this wude 5 , 
e of water of the inch cubic, equal to the decimal 
5579 of che ounce avoitdupoiſe, gives 61,26 ounces. for, the 
weight of as much water, as is contained in the head, upon | 
1 inch in depth, ©. of which is 3583 pounds; this multiplied EY 
by the depth 21 inches gives 80% Ib. for the Value of 12 
ſtrokes; and by proportion, 391 (the number made in a mi 
nute) will give * the! EASY of water piled} in a 
minute. 
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Fendels through a ſpace of 15 inches in a minute, the product 
of thele two numbers 3970 will expreſs the power of the water 1 
vs aa: mechanical effects; eee ee | 


The velocity of the wheel at the maximum, as appears above, | 
ws 30 turns a minute; which multiplied by g inches, the cir- 
cumference of the cylinder, makes 270 inches; but as the ſcale 


Was hung by a pulley and double. line, 125 Wa was only 
ed war of this, vis. 1 135 inches. 
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Now as 937 5 b. is ited I 3 5 *. cheſs two numbers being 
1 together, the product is 1266, which expreſſes the 
effect produced at a maximum: ſo that the proportion of che 
N to ee is as 3970+ ones or as To: is 5 * 
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Bot . this is the greateſt ſingle effect producible from 5 55 
the power mentioned, by the impulſe of the water upon an un- 1 
derſhot wheel ; yet, 2s the whole power of the water is not ex- . 
hauſted thereby, this will not be the trus ratio between „ 
"power: of the water, and the ſum: of all the effetts producible 
therefrom: for as the water muſt neceſlarily leave the wheel 
Wich a Velbeity equal to the wheel's circumfererice, it is plain 
— chat ſome part of the pe of the water maſt e | 
N the wheel. _ et | 
e of $orwies at the Sn is b wu * 
winute; and conſequently, its circumference moves at the rate 
of 3,123 feet a ſecond, which anſwers to a head 1,82 8 be 7 
this being multiplied by the expence of water in a minute, viz. 

| 2645 lb. produces 481 for the power remaining in the water 
after it has paſſed the wheel: this being therefore deducted 
from the original power 3970, leaves 3489, which is that part 
of the power which is ſpent in producing the effect 4266 ; and 
conſequently che part of the power ſpent. in producing the 
effect, is to the greateſt effect ALI 2 10 oy 
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the velocity of the water will therefore be to that of ttt wheel | 
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1 that the Wheel ceaſed moving with. 12 Ib. in the 3 
ſale; to which if the, weight of the ſcale is added, biz. 10 
{ounces #, the proportion ee ne . 
ol. The 8 of the air in this caſe ceaſes, 1 friction is. 0 
vot added, as 12 lb. in the ſcale was ſufficient to top the wheel af- 
*ter it had been in full motion; and therefore ſomewhat. more than a 
| counterbalance to he —_— of the water.. 
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wheel was not placed in an open rivet, where the natural 
after it has communicated its impulſe to the float, has- 


' room W all fides to eſcape, as the theory ſuppoſes; but in a 


conduit, or race, ts which the float being adapted, the water 


| eannot otherwiſe eſcape than by moving along with the wheel. 
It is obſervable, that a wheel working in this manner, as foon 
as the water meets the float; receiving 2 ſudden check, it riſes 
up againſt the. float, like a wave againſt a. fixed object; info- 
much that when the ſheet of water is not a quarter of an inch 
| thick before it meets the float, yet this ſheet will act upon he 
| whole ſurface of a float, whoſe. height is 3 inches; and conſe- 
Gently was the float no higher than the thicknefs of the ſheet... 
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thoſe geriet where che heads of water and quantities s-. 
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 conſtquently the increaſe of effect as not 17 h 1 
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i is propo#tion to the bole deſcent, the greater fill le Wt of, 
becauſe it depends leſs upon the impulſe of "the beck Md More 
upon the gravity of the water in che buckets: and f Wnlider 
how obliquely the water iſſuing from the head muſt ftr tit 
buckets, we ſhall not be at a loſs to account, for the little ad- 
 vantige that arlies'from the impulſe therevf: and MEMlinhledi- 
ately ſee of how little conſequence thus impulſe is t/ effekt er 
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bottom. .of the deſcent, it will take a certain time in falling; 
and in this caſe the whole aQtion of gravity is ſpent i in _giving 
| the body a certain velocity: but if this body in falling is made 
d wat upon ſome other body, ſo. as to produce | 2 mechanical 

effect, the falling body will be retay ; becauſe 4 part of the | 
adtion 'of eee is then I in 1 5 the eck. and the 
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wheel,” it is there retained until, the wheel by moving round | 
_ Liſcharges | it: 0 conſequence t the lower the wheel moves, the 
| more Water each bucket will receive : Þ. that what is loſt. in 
5 gainęe 'by the preſſure « of a greater quantity of water 
Wo aQing i in "I. buckets _ at once: and, if conſidered only i in this 
Wy Tight, the mechanical power of anoverſhot wheel toproduceeffetts 
wil de equal whether i it moves quick or flow: but if we attenc 
"to What has deen juſt 1 now. obſerved, of the falling body, it 
ear that ſo much of the ation of gravity, as is employed in 
Po Living'the wheel and water therein a greater velocity, muſt” be | 
tat from its preſſure upon he buckets; fo chat, though : 

the product made by multiplying the be YG of cubic inches 
of ee 1 8 in the wheel at ohce. by its velocity will bg the 
; Lime in alt as; yet, AS; "each cubic inch, When the velocity is 
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5 555 the power of the water to. produce effects Will be greater in i 
| the less Velocity than in the greater: and hence we are led to 
this general rule, that, cæteris Bt hy the left the velocity of the 
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and when it was loaded apps e 
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ſhould not be diminiſhed further than what wilt procure ' ſome 
ſolid. advantage in point of power : becauſe, cwteris paribus, as 
the motion is lower, the buckets muſt be made larger; and the 
wheel being moxe loaded with water, the ſtreſs upon every part 

| of the work will be increaſed in proportion: The beſt velacity for 
practice therefore will be fuch, as when the wheel here uſed made 
about 30 turns in a minute; that is, wen ets oe cr 5 
„ cee, er e r 
© -: een conſtr; that this velocity of 3 ce W 
$ | is applicable to che higheſt ovenſtior wheels, as well as the loweſt; | 
andi all other parts. of the work being properly adapted thereto, 
will produce very nearly the greateſt effect poſſible: however 
this alſo is certain from experienee, that high wheels may deviate 
forther from this rule, before they will iſe their" power; by a givin. 
aliquot part of the whole; than low ones can be admitted to do'; 
for a wheel of '24 feet high muy move at the rate of ſix feet per | 
: ee end ge git g , 2. Genera ue g 
99 The og for eee feet ia » bel. . 
eee (requiſite to give d. water de 
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— — 
r 


— — — 
—— k =: 


. 


1 —— 


F 


rr P — 7 > nec £5 Za AE 24, 
1 SA " * ad 
r — ah — : 
. Ss A 043 4 D ww 
- — r 1 — 
— ” . - 
— 


* 2 feet. 


. vo 


& 8 «. 8. * 
A FI, LEEDS 


4 # x8 yy * tad c ” N 4 bf {des 
* 9 28 F 8 7 es. __ . vo 2 
gk Bs BS F # : , N * 3 . I 
L LIES bo k 7 * e we) 200 . o \ > 
9 98 ö 38 
2 . yy 14 9 * 28 * * * 
” 6 F * 5 WOO Ks - * 
. 5253 2 fv # 
* | , * N k4 : 
4 8 F * ? 
* . . 1 4 AR 
q - - - * 4 * 1 2 » ., « 
- K 1 : * 17 * 
3 ; = t Wh os % 
1 # 2 Fs. y 5 4, + {f 
7 y : ke WA : 
» : * 4 7 
9 N \ 1 
4 » - LY ” 
” 5 Sy 
. 1 * - 
F af : 4 
0 1 — 25 
a= , hav 
F g 7 
R 4 N 5 


5 WEE 
ener nv, 4. FN 


on e etber hen, Ade ſeen a heel f 33 beet Mist, har in 
moved GE rene n Waldsee 


"ry rtf... Ns 


Ny CANE > 0 e n wk A e N 
+3 * 
N 407 70 


1 5 Foncerning the Loa bot Wie. in 9 
bow FN that il may 2 525 a Maximum. .. 


has e eee, load for an over ſhot wheel, is that which reduc 
the circumference of the whiel to it: Proper. velocity; and this 
will be known, by dividing the effect it ought to produce in a 
given time by the ſpace intended to be deſcribed by the circum- © 
ference of the wheel in the ſame time: the quotient will be the 
'reſiftance overcome at the circumſerence'of the wheel; and is 
equal to the load eee ene «ng; lanes kin 
F r q s N 415 FEEL TAR = 
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erde vramgſt oy that. HG of mas. 
| wheel is capable of, depends jointly upon the diameter or height 
of the Wheel, and the velocity of falling bodies; for it is pain 
chat che velocity of the circumference can never be gteatet than 
to deſeribe a ſemi-circumference,. while a body let fall from the 
top of the wheel will deſcend through its diameter; nor _ 
quite fo great, as a body deſcending through the ſame per 

dicular ſpace cannot perform the ſame in ſo ſmall a time e 
paſſing through a ſemi- circle, as would be done in a perpendi 
cular line. Thus, if a Wheel is 16 feet 1 inch high, a body 
will fall through the diameter in one ſecond: this wheel there- 
fore can never arrive at à velocity equal to the making one 
turn in two ſeconds; but, i in reality, an overſhot wheel can never 
come near this velocity ; for When it acquires a certain ſpeed, 
"Wo; e es uy: Oy; is en 
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„ e e eee deſcent, is BY, "52 | 
| thrown: aut again by the ; centrifugal force. , This appears to 


have been the caſe in the three firſt experiments of the fore: I \ 
. going. ſpecimen; but as the velocity, when this begins to 
happen, depends upon the form. of the buckets, as well as other — 


_ circumſtances,” the utmoſt velocity of overſpot wheels i is not to le 1 
determined. generally : and, indeed, it is the leſs neceſſary in OL | 
practice, as it is in this. circumſtance 2 hr of e any 
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5 I beel can overcome. . 


. ae had pl over ſhot wheel will overcome, LT 
abſtratedy,. is unlimited or infinite: for as the buckets may be 
of any given capacity, the more the wheel is loaded, the flower 
it turns; but the flower 1 it turns, the more will the buckets be 
; filled with water; and conſequently though the diameter of the 
wheel and quantity of water expended, are both limited, yet no re- 
ſiſtance can be aſſigned, which it is not able to oyereome: but 
in practice we always meet with ſomething that prevents our 
getting into, infiniteſimals; for When we really go to work to 
build a wheel, the buckets. muſt neceſſarily be of ſome given 
capacity ; ; and conſequently ſuch a reſiflance will feed the wheel, _ 
ar is equal to the effort of all the buckets i in one N 5 
e e "I 
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5 this. effort may be. aſſigned ; but is not of much conſequence: to 
t the practice, as in this caſe alſo the wheel loſes its power; for 


— 


though here de t the exertion of gravity upon a given quantity of | 


Vater, yet being prevented by a counterbalance from moving, 


. is capable of producing, no mechanical effect, according to our 


definition... Buy, 4 in reality, an overſhot wheel generally ceaſes 


to be uſeful before i it is loaded to that pitch; for tohen it meets with 0 
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WIRED now a the different 0 of che __ i ; 
: water, when acting by its impulſe, and by its weight, under the 
titles of \'under/bot and overſhot wheels; we might naturally pro- 
_ceed to examine the effects when the impulſe and weight are 
a combined, as in the ſeveral kinds of breaſt wheels, &c. but, 
what has been already delivered being carefully attended to, 
* the application of the ſume principles Im theſe HHitkt caſes will be 
 eafy, and reduce what I have to fay oh this Real itte 4 fattow 
 compals: for all kinds of wheels where the water cannot deſcend” 
1 through a given Tpace, unleſs the wheel moves therewith, are to 
be conſidered of the nature of an-overſhot wheel, according to 
| the perpendicular height that the water deſcends from; and all 
_ thoſe that regen 1 or ſhock of the water, Whether 
in an horizontal, perpendicular, or oblique direction, are to be 
 Eonfidered: as underſhots. And therefore a Wheel, which the 

Water ſtrikes at à certain point below the ſurface of the head; 
and after that deſcends in the arch of 4 tirde, prefing by its 
gravity. upon the Wheel; 1 . of ſuch a meet will 5 
equal to the effeft of an underſhot, whoſe head is equal to tht 
difference of level between the ſurface of the water in the 
reſervoir, and the point where | it ſtrikes the wheel, add to that 
an overſhet, whaſe beight is equal to the differthee of deva be- 
tween the point where it ſirikes the wheel and the lb of the tail- _ 
water. It is here ſuppoſed, that the wheel receives the ſhock of . 
the water at right angles to its radii; and that the velocity of its 
circumference is properly adapted to receive the uthtiolt advan- 
tage bf both theſe powers; otherwiſe a reduBtion muſt be made | 


on that account. 1 e 
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Many obvious and conſiderable improvements upon the 
5 common practice naturally offer themſelves, from a due con- 
 _  ideration of che principles here eſtabliſhed, as well as many 
popular errors . ſhow. themſelves in view: but, as my preſent 

8 | purpoſe extends no farther than the laying down fuch 
rules as will be n anſwer in "practice, 1 35 
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* trying . on wind mill 4 the wind inſelf is too 


uncertain to anſwer the purpoſe; we _ 8 kavs re- 
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This ran} he done two ; rays; 4 by 3 che air N 


5 0 againſt the machine, or the machine to move againſt 
the air. To cauſe che air to move againſt the machine; in a 
ſufficient volume, with ſteadineſs and the requiſite velocity, is 


not eaſily put in practice: To carry the machine forward in a 
night "ISM againſt the air, would require a larger rom than 1 


could conveniently meet with. What I found moſt practicable, 


therefore, was to carry the axis, whereon the ſails were to be 
fixed, progreſſively round in the circumference. of a large circle. 


bis 255 this e a machine Was TION follows. 5 


; | 1 Fxarx | 


* 8 Nh ago Mr. . wy ingenious gentleman of Har-. 


borough, in Leiceſterſhire, ſet about trying experiments on the ve- 


locity of the wind, and force thereof upon plain ſurfaces and wind- 


mill- ſails: and, much about the fame time, Mr. Ellicott contrived 


a machine for the uſe of the late celebrated Mr. B. Robins, for 


trying the reſiſtance of plain ſurfaces moving through the air. The 
machines of both theſe gentleman were much alike, though at that 


time totally unacquainted with each ather's inquiries. But it often 
happens, that when two perſons think juſtly upon the ſame ſubje&, 


| their experiments are alike, © This machine was alſo built upon the 


ſame dea as the foregoing ; but differed in having the hand for the | 
firſt mover, with a pendulum for its regulator, inſtead of a weight, 
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Cord; which, being drawn by the hand, gives a circular 
motion to tlie axis, and to the arm FG; and thereby 
carries the axis of the fails in the circumference of a 
circle, whoſe radius is D I, cauſing thereby the fails to 
0141 ſtrike tho air, eee WT 
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LIEUT power * power of che ſails. This ſcale, moving up and down | 

in the direction of the upright axis, receives no diſtur- | | 
2 banes from the circular motion. 3224 1 
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| Tn ena parallel pillars ſanding upon the arm F;G, for the 
purpoſe of ſupporting and keeping ſteady pe Fas P; 
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meaſuring the impulſe of the wind, or reſiſtance of plains : but the 5 8 

latter is more applicable to experiments on windmill-ſails; becauſe 2 

every change of poſition of the ſame. ſalls will occaſion their meeting N 

the ait! with a different ee though * dy che ſame veins, 
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VX i Pendulum, compoſed.of:ynro-bulls-of lead, which are 
ES, - moveable upon a "wooden rod, and chereby can be ſo | 
BY adjuſted, as to vibe in. any time Na This 
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Mer Phe pendulum being ſo adhjuſted, as to make two 
—— bug vibrations, in the time that the arm F G is intended to 
e wake one turn the pendulum being =; vibrating, 
0 Ws res to make gach half revolution uf 3 to cor- 
Frreſpond with each vibration, as equal as peflible, during 
- the number of vibrations that the experiment is in- 
2 _  "terided to be continued. A little prifiice renders it 
eenſy to ee ee e, en that 
„ is neceſfary. I (BIT 2377 LE nt (6 att 
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BR. No. e eee the weight in the ſcale | 
. ON | was 7h 80. which, with the weight'of the ſcale and pulley _ ! 
| 23ꝗ9002. makes 7 Ib. 21 O. equal to 13 30k. j his adde to the fre- 4 | 

| tion of the ery, the-ſum is the whole reſiſtance s. The 
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being agreeable to the language of praQtitioners,, who call the al- | 
7 by. . e 5 
gte ſo denoted, the weather of the fall; which they d. One | | 
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to 180, a8 in No, 3. and 3. that is, from 720 to 755 with the axis, 


i» 


the product will be inereaſed in the ratio of 31. 48 and this is Me 
| the angle moſt commonly made uſe hers ts Mon 
is eee e 5-06 er of! e 
5 eee eee 
excious angle to make a mill acquire motion from a ſtate of reſt, 


or to prevent it from paſſing into reſt from a ſtate of motion, we 

ſhall find the poſition of No. 1. the beſt; for if we conſult col. 

7. which: contains the leaſt, weights, that would make the fails 

: . paſs from motion to reſt, we ſhall find that of No. 1. (relative 
S * ee eee eee, Gaga of all. But if the ſails are 
15 intended, with given dimenſions, to produce the greateſt 'effect 

| E W e AO 


- i Os a — 


<a. Bt r 1 I 
EP 9 9 n 
e = >; F 43 Ts Phe OF NG 
Ws 5 . £ : 
wo. : Nel. 
LS, 8 x 
: "4 bs 1 
« LH Ly 
* * 
8 
* 8 
* 
= 
1 
# 
9 
4 
2 
” . 
1 4 # * ** 4 
* 5 
. 
* » * 


Ne. 1.2 and, if we are confiued to the uſe of planes, conform 35 
eee de, D than , 55 


* ! * * 
" * N BJ. 


| The late celebrated Mr. Maclaurin has judiciouſly diftinguiſh< 

e -betworp the action of the wind upon @ {ail at reſt, and a fail 
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ſurfaces indeed were not made planes, and ſet at an angle of. 
35%, as Parint., propoſed; becauſe; from No. , we learn, that | 
a2 this poſition has nothing to do, when we intend: them to work PEN. , 
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called by the workmen), and is divided by the whip in the propor- 
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from the point downwards 1-34 of its height, the reſt with cloth 
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don tather diminiſhed than increaſed the effect. 80. that ub 
the whole cylinder of wind is intercepted, it dies wot then produce 
JT ofe# for ye Interſtices W eſcape. . 
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F: hn ene ae 6. the ſails of windmills ſhoyl be 
r tis ans > 7 
+ .the quantity of cloth ſhould be the leaft that may be, to aydid | 
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Lnge by ſudden ſqualls of wind. The beſt Arackute, there- 
fore, for large mills, is that where the quantity of cloth is the 


_ greateſt, in a given circle, that can be: on this condition, that 
the effect holds out in proportion to the quantity of cloth ; for 


: Otherwiſe the effect can be augmented in a given degree by a 
er increaſe of clods vpn x larger radius, than would be re- 
quired, if the cloth was increaſed upon che ſame radius. 'The 


maoſt uſeful figure therefore for practice, is that of No. 9. or 8 5 
N ſeveral milly'in iy 5 


. % 4 —_ a 
F | 4, 
r 
* a” 


„ 
* * 


% 
7:3 
= 
. 
n 3 
2 5 : * 
* * N & 
. U 4 — 
— . 
8 4 
* * 8 . 
4 F - 
* o # 
* 3 7 
i 
: 40 
- — 


& 


3 MY, « 
N 


”% 


- 
2 * 


£ 
4 
* 95 » 
* 4 4 
x oy 
KIT OY 
% } ” - I", 14 
* b * 
0 e — 
— 
1 1 * 
. . 4 * 
J * 1 * 
* Ss 
* * 8 * 
- A o — 
* = 
K 4 ow PER. - 
A ” 4 * * 
- 
. . 
F £ E 
. 925 5 a : ; <4 
- 
LY 
7 C35 4 
42 9 
* „ 
- © 
* - 
- 
ph RIS + 
4 . « x 
* * - * 
* 
1 
. PT, 
#x > 
\ - 
x 
— 
* 
: 
* 
* 
- 
4% 
* 
* . * 
x 
— 
* * 
3 » 
, ? R 
* * 
. * 
* + fall. 
* F 
= * 1 
e 0 og A 1 
, 
A Fr 
*. 7 F 
= * £ - 4 
* "TI" 4 * 
— th N : * 
4 4 
2 1 ** * 5 
6 *% * 9 71 * 
* * 
- - 2 4 
4 des ” 28 % 


2 


bog et 


e Ce 


— 


— i og | 
— "9+ . 59 * 1 
: | gogr | 291 err [Lot | 6 
— — | LES | LIo+ | i 5 o 
= e e eee 
4 22 g . : FAM E „ 4 7 3 a | 
ä e |. js SE fe 
1 82 55 : 3.3 235 1 3 | 32 87 5 
; = 35 RLEEESS | [2s [S236 812 
: =] 8 3 52 8 f 8 88 . 
| $5 2 28/8 (ES a 45 2 85 
| * : | s 7 © * f Ki 15 5 | 5/2 ” 
* 8 8 — = 2 I E 5 ; EY N | E - 1 
| 1 55 mum e oi jo oou,hνjIuůuog > ED SET 
N 004, Ae M e re pur oxy awny an 36 S128 n u N N 
het" * 3 22 1 15 6312092 Fi u ip 791 97 zurn 40320 © Bes bel A. 9. i | 
| 1 8 ig I. a 248 28 At Tay 


% * 


II. 


— 


86 . eee — Kc. . 
II. sen we ratio between the velocity of 8 
' falls wade, and their Wooly when Joadid to a 
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Tien bes bs 0 ute out ed, nor. 
| fails; and wich different inclinatibns (the 


8 velckity of the win being the fame) are contained in calumn 10 
of tab. HI. where the extremes differ from the ratio of '10 : 797 


at i, of 1% 85 95 bur the mast general ratio of thi whole will 


jo 9 — ere as rad) of An-ind in Gran n 
thoſe Coll nell in tab. IV. col. 13. in which the ratios differ 
rom i 69 td that of 10: 5%. However, it apgears in 
: genelal, "that ubeie the power is greater, whether by an en- 

k ene that the 
a india ne" ie rl 
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in. Craig the ratio: 1 the greateſt Joad 
Ibn the fails, will bear without ſtopping, or what is 
» hearty the ume thing, between the leaft load tbat ui 
3 er , fan | 
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Tbobe 6 br different Kinds of alls and niclinatioas.” ate - 

oy ih col. 1x. tab. III. where the extremes differ from the 
"ratio of 10: 6 to that of 10: 9,23 but taking in thoſe ſets of | 
experiments only, where the fails reſpectively anſwered beſt, 

' the ratio i will be confined between that of 10 : 8 Und ef 10: 93 

and at a medium about 10 : 8, 3 orof 6: 5. This ratio alſo 
agrees nearly with thoſe in col. 14 of tab. IV. However 

it appears, upon the whole, that in thoſe inſtances, where 

the angle of the fails or quantity of cloth were grated, Wat 

: the ſecond term of 125 ratio was len | 
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4% * „N 
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n. velocity of the wind. 


Maxim"; naher ait fails, whether unldaded, or 
toaded, fa. as te produce a maximum, is nearly as the velocity TY 
"mn ene een ION. 4 WY. 9 


- This ajpeain by comparing together the we numbers 
of cobemns I and 5, tab. IV. wherein thoſe of numbers 2, 4, 
and 6, qught to be double of numbers 1, 3, and 51 but as the 
deviation is ao where greater than what may be imputed to the 


| inaccuracy of the experiments themſelves, and hold good exactly 
a in numbers 3 and 43 which ſets were deduced from the medium 


of a number of experiments, carefully repeated the ſame day, 
FFF 
. Wb e f ben e 


Ale ad. The Wis the mqximuyn n | 


1 than, as the ſquare of the velocity of 1 the wind, ihe Pp and 
Sibi of heſol ring he ſame 


| This appears by comparing rogether the 3 4 6. 


tab. JV. wherein thoſe of numbers 2, 4, and 6 (as the velocity | 
is double), ought to be quadruple of thoſe of numbers 1, 3, 


and g3 inftcad of which they fall ſhore, number 2 by 77 num- 


der 4 by 17, and 8 number 6 by 77 part of the Whole. The 


greateſt of thoſe deviations is not more conſiderable than might 
be imputed to the unavoidable errors in making the experiments: 


but as thoſe experiments, as well as thoſe of the greateſt-load, all 


_ deviate the fame way; and alſo coincide with ſome experiments 
_ communicated to me by Mr. Rouſe upon the reſiſtance of planes; 


J am led to ſuppoſe a ſmall deviation, whereby the load falls 
3 ſquares of the velocity; and ſince the experiments 


, 3 and 4, are moſt to be depended upon, we muſt conclude, 


I x | . . that 
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1 EXPERIMENTAL ae, &c. 


| that when the velocity is double, the load falls hort of its 4s ; 
e e eee ee ah by phone 3 
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eu. cubes 16 velcity of the | 
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Gil at the maximum, is neatly. as the velocity of the wind; and 
by Maxim 2d, that the load at the maximum is nearly as the 
' ſquare of the ſame velocity: if thoſe two maximums would 
hold preciſely, it would be a conſequence that the effect would 
be in a triplicate ratio thereof: how this agrees with experi- 
ment will appear by comparing together the products in col. 8 
of tab. 4, wherein. thoſe of No. 2, 4, and 6, (the velocity of 
the wind being double) ought to be octuple of thoſe of No. 1, 
4 and-5, inſtead of which they fall ſhort, Ne. 2, by Z Ne. 4 
by u% 25 aud Ne. 6, by 8 part of the whole. Now, if we rely on ; 
No. 3, and4, as the turns of the fails are as the velocity of the 
wind; and ſince the load of the maximum falls ſhort of the 
ſquare of the velocity by about 77 part of the whole: the product | 
made by the multiplication of the turns into the load, muſt alſo fall 
; Ts aaa by about ea 


Maxim 1 The lad of the ſome ſails. at. the maximum is. 
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This maxim may be . A NI three 
preceding; for if the turns of the ſails are as the velocity of the 

wind, whatever quanties are in any given ratio of the velocity 
of che wind, will be in the ſame given ratio of che turns of the 
ſalls: and therefore, if the load at the maximum is as the ſquare, 
. * . as the en wind, wanting re 


part 


EXPERIMENTAL, ENQUIRY, Ge. 83 : 


pore when the v doeity is: double; the load at the maximum 
+ will alſo be "as the ſquare, and the effect as the cube, of the 
number of tums of the ſalls in a given time, wanting in like 
| 77 part when the number of turns are double in the 
fame "TY In the preſent caſe, if we compare the loads at the 
maximuin, col.6. with the ſquares of the number of turns, col. 3. 
of No. 1 and 2, 5 and 6, or the products of the ſame, numbers 
col. 8, with the cubes of the numbhet of turns col 55 inſtead of 
filling ſhort, as No. 3, and 4, they exceed thoſe ratios: but as the 
ſets of experiments No. 1 and-2, of 5 and 6,are-not to be eſteemed 
of equal authority with thoſe of No. 3 and 4, we. muſt not 


rely upon them further than to obſerye, that in comparing the 


erg effetts of large machines, the direct proportion of the ſquares 
and 'cubes reſpectiveh, will hold as near as the effects the 2a 


can be obſerved; and therefore be ſufficient for 9 


: = cans wee, n 

| Maxim 30. . maximum 
41 a given velocity, and the velocity of the wind increaſes, the load 

: continuing the ſame ; 3 ith, The increaſe-of effect, when the increaſe 


; of tht velocity of the wind is ſmall, will be nearly as the ſquares of ; 


thoſe velocities : 24ly, When the velocity of the wind is double, the 


Meer, will be nearly as 10: 271: But, 3dly, When the velocities | 


compared, are more than double of. that where the given load pro- 
duces a maximum; the 95 55 "oP ey in a ſimple rave; the 
oY yoo ion N | 
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velocity of the wind is increaſed, the turns of the fails will in- 
creaſe in the ſame proportion, even when oppoſed by a load as 


the ſquate of the velocity: and therefore if wanting the op- 


poſition of an inercaſe of load, as the ſquare of the velocity, the 


turns of the ſails will again be increaſed in a ſimple ratio of the 
velocity of the wind on that account alſo; that is, the load con- 
5 pg ele of, Wann eee n 
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in this cafe as the turns of "the ſulls will be as che ware of the 


velocity of the wind alſo ; but this muſt be ene 


vhs - 5 % 4 = 
"I 123% * 


"ally; As dhe all id Meer urweird abbot | 


relation to the wind, though the lad wits diminifhdl zo nothing; 


when the load continues che fame, che more the vAotity of the 


wind increaſes (though che effect vill comtinieto-iucredſe) et 


the more it will fall mort of the \ſhuare-of the welucity-of the 
wind; fo that "when the velocity ef the wind is double, the 
increaſe of effect, inſtead of being, as 7 4% according to 


the ſquares, it türns out as 10: 2/4, as \thus appears. 


In tab. . Col. 9. che loads eee eee 
as the maximum loads in col. B. ef Ne. 1, 3, und 5. 
number of turns of the fails with th6fe loads, when the 57 : 
of the wind is double, are ſet down in col. 10, and the products 


of their multiplication in col. 11: "thoſe, being compared with 


the products of N®, 1, 3. and 5, Col. B, furnit dee ratios ſet 
Yown in col. 12, which at à medium (dae regard being had-to 


Ne. 3 and 4.) will be weafly 4s 10 47 ly. The load oon. 


tinuing: the'fame, grows more and more inconſiderable, reſpect. 


Ing the power of the wind as it increaſes in velocity; ſo 'that 


the turns of the ſails grow nearer and nearer wcoineidence with 
their turns unloaded; chat is, neurer und mearer to the {maple | 
ratio of the velocity of the wind. When the welocity of he 


| wind i is double, the turns of the fails, when loaded to a maxi- 
mum, will be double alſd; but; whicadd," will be no more than 


triple, by deduction 2d: and therefore theproduR tould not 


| have increaſed beyond the ratio of 20: 30 (inſteatl'of 10 : 275) 


even ſuppoſing the fails not to have been retarded at all by carry- 
ing the maximum load for the half velocity. Hence we fee, that 


WV when the velocity of the wind exeteds the double of that, Where 

a a conſtant load produces a maximum, that the "increaſe of effect, 

, which follows the increaſe of the velocity of the Tails, will be 
nearly as the velocity of the wind, and ultimately i in that ratio 
hors | 
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85 The extreme 8 5 kme ele io Mans 
Res its motion, and to the wind; its velocity at a maximum w 
always the in a.given. ratio fp iche yelociy of the Wind; and 
thergfore, whatever, de de gad, the adſolyte xelpcly of the 
 extxomity.of the Gal ill he.che pe; 12nd this eit hold good 


reſpecting any other bar, whoſe indlinatign. i is the fame, at a 


Prqpertignable diſtance fam ghe center,; it "therefore follows, 
that the extremity. of all ſimilar ſails, with the fame wind, will 
dave che ſame abſolure, velocitys and therefore take a ſpace 1 


. time do perigrm one revalytian in praportion.to the gadjus; 
which is the ſame thing, the number of revolutions in the; 


; gen * will be e as the xd of t al. 
| W 12 load « at, 4 ig n that bing, a es 
2 will, aucromes at 0 gigen wn er 1 
motion, will be ax the cube of the radu. 


Hemer. nſprms us, ithat.ja, ſiguilar figures the his are 


"_ ſquares of.x eir ſimilar ſides; of conſequence, the quan. 


_ tity of cloth will be as the ſquare of the radius: alſo in ſimilf- 


figures and poſitions, the impulſe of the wind, upon. every 
OT. ſeQion, of che cloth, win de in proportion” to che 
OY an, * 2 441-111 furface | 
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| . 8h 1 8 will be as the 2 5 of the whole : bur 
the (diſtance. af ;efery. ſimilar  ſeftion, from the cehtel of 
2 motion, will be es che radius ʒ che diſtance of the center bf, power 

af the whole, from the center of motion, will be as che radius alſo: 
hat is, the Jever by which che power Acts, Will he as the,radius : 
8s therefore the impulſe of the wind, reſpecting the quantity of = 
_ cloth, is as the ſquare of the radius, and the Jever, by which = 
it acts, as the radius. ſimply; it follows, that the load which the 
Ne will overcome, at a given 2 05 Wan the center, will be 


the cube of the radius. "I 75 24 Th Buy N AY 
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8 5 maxim 6, it is 1 "IG the che of ibis | 
made in 2, given, time, are 28 the radius inverſely. Under 
maxim 7, it appears, chat the length of the lever, by which the 
power acts, is as the radius directiy; therefore theſe equal and 
* oppoſite ratioß deftroy one another: but as in fimilar figures the 
f quantity of cloth is as the ſquare of the radius, and the action of 
4 1 is in proportion to the quantity of cloth, as alſo ap- 
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Coror. 1. Toons? it follows, that a hs 1 of 
* the fail, without augmenting the quantity of cloth, does not. 

"Increaſe the power; but becauſe what is gained by the INE of 
| nen by the ftownefs of the rotation, 
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VI. Cunderning ibe Velocity of the-Extvemities of Wind- 5 


adh Bails, in ReſpoB®'to the Velocity of the Wind, 
Us ubs c es od tbe roman 25 

Maxim 9; 0 e ei, end e e 
een mlarged ſails; in all their uſual poſitions when unleaded, 
vr even; hade th eee, ors N * tes the Ve- 
terity of the wind. | „ „ 


, e eee e ee 
The Dutch fails unloaded, as in Tab: beg ws made 126 re- 
volutions in 52”; the diameter of the fails being 3 Pe- 
the velocity of their extremities will be 25 feet in 4 fecond ; 
but the velocity of the wind e being 6 feet in the 
ſame time, we ſhall have 6: 254 : I : 4-23 in this caſe there- 
fore, the velocity of their tobe was 4 2 times greater than 
dat df the wind, In like manner, the telative Velocity of the 
| wind, to the extremities of the fame fails; when Ibaded to 4 
. maximum, making chen 93 turns in 52", will be Ru > bs a3 
1: 3335 or 33 times quicker tha that of the hind. 
ſe, NM fi. e 
Thb following e ee en a wy 
4 examples of the enlarged fails, in different poſitions, but with | 
| the alan velocky of the wind of feet in a ſecorid; froth ta- 


ble 3: and alſo 6 examples of Dutch fails in different positions, 
wee velocities of the wind from tab . 100 
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: It appears from the preceding collection of examples, that 


. when the extremities of the Duich ſails are parallel to the plane 
of motion, or at right angles to the wind, and to the axis, as they 
are made according to the common practice in England, that 


their velocity, unleaded, is above 4 times, and loaded to a maxi- 


mum, above 3 times greater chan that of the wind: but that when ; 
the Dutch fails, or enlarged fails, are in their beſt poſitions, their 


velocity 


{ 
: 


V 


medium the Dutch fails are 2,7, and the enlarged ſails 2h times 
| greikter than the velocity of the wind. Hienge we ate furniſhed 
| with a method of knowing the velocity of the wind, fram ob- 


f ſerving the velocity of the windmill fails; for knowing the radius, 


and the number of turns / in a Minute, we hall have the velocity 
of the extremities; which, divided by the following diviſors, will 


give the valooity IM wind, "We I | 
Dutch fails in the r 
Duc falls in their beſt rellen . lag, 


| ue fs in the bel poſi Na 


. 5 
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F wem er 9 . 
diums; ſuppoſing the radius to be 30 feet, which is the m 


. uſual length in this country, and the mill to  he:loaded to 
maximum, as is uſually the eaſe with corn mils f for every 3 


turns in a minute, of the Dutch ſails in their common pefition the | 


toind will move at the rate of a miles an lou; for every 5 turns 
in a minute, of the Dutch ſailt in their byft poſition, the wintd 
moves 4 miles an hour; and for every 6 tumys in a minute, of the 
mag ſails in their beſt OT aA Wn 
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The following able; aden "was 3 80 

friend Mr, Rouſe, and which appears to have been conſtructed 
with great care, from a conſiderable number of facts and expe- 
riments, and which having relation to che ſubjest of this article; 


T here inſert it as he ſent it to me: but at the an 


obſerve, that the evidence for thoſe numbers where the velocity 
of the wind exceeds 50 miles an hour, do not ſeem of equal a au- 


thority wich thofe of 50 miles an hour and under. It is alſo to 
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--* It: as tbh dea ee hat in mills with 
Dutch falls in the common poſition, that when'they make about 
1z turns in a minute, they then work at mean rate chat, fs, 
che compendiums in the laſt article, whe 
wind is 84 miles an hour, or r 
common phraſe, valle called « ri 


The experiments fer down in Tab. N, fl * 
2 
wich a v 


velocity was 124 feet in a ſecond; cada 
would have been ee "ie 
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| From Tab. 4. N9.4 e find 3 . e 
city of the wind wa $4 feet in a ſecond, de 130 revplas 
in a minute, with a load of PL rom che meaſures 
| the machine, preceding this ſpecimen of det ol experiments, | 
find, that 20 revolutions of the ſails raiſed* the ſcale and 1050. 
11, 3 inches: 130 revolutiens will ergfore. raiſe che 


7345 inches, which multipked by 1732 Jb. makes. a pft 


of 1287, for the effe&t of me Dutch ſai . 


hat is, when.the velocity of the wh ö feet in a ſecbnd: 
dis product therefore multiplied by 
e effect of che ſame ſails, when the v | 
feet in. a ſecond. 0 


\ 


8 makes the uml power of 2 man, when work 


r to that 
"er | of 


„ Will give 3861 for 


— 
- 


= 
. * 


* 
bn 1 . 
— 


125 as e ee N 
OY of tiifing in bien of wier 10 feet high in a minute. Now, 
an hogſhead conſiſting of 63 ale gallons, being reduced into 
pounds averdupois, and the Beiglit into inches; the product 
made by multiplying thdſe two numbers will be 75800; which 
is rg times greater than the product of the fails hft-mentioned, 
at 124 feet in a ſecond: therefore, by maxim 8th, if we mul- 
tply the ſquare root of 19, "thats is 4:46, by 21 inches, the 
length of the fail producing the effect 3861, we ſhall have 
93,66 inches, or 7 ſeet 9h inches for the radius of a Dutch fail | 
in its beſt poſition, whoſe mean power ſhall be equal to that of 
man: but if they are in their common poſition, their length 
muſt be increaſed in che e ag mae 
bf 639, as this appears; . — 
"The natd er the een At Tu. 
Il. are as 442 639 but by maxim 8, the effects of falls of 
different radii are as the fquare of che radii; conſequently the 
ſquare roots of the products or effects, are as the radii fimply ; 
nog Jg e r Fad 1 nee 
y 5 e 3 as queue | 


| "If the falls are of the enlarged Kind, ber bb Tub nl. No 
11 and 15. we ſhall have the ſquare root of 820 to that of 


639 :: 93,66 :'82,8$ inches, or 6 feet 102 inches: ſo that in round 
numbers we ſhall have the radius of a fail, of ſimilar figure to 


their reſpective _ 1 85 en ſhall be equal to that 
fa nan; 4 | 


| The Dutch fails in a their comirtion Ne 71 oe” 

The Dutch fails in their beſt poſition '—— 8 

The enlarged fails in their beſt be ent tk MESH 
Suppoſe now the . to be 30 feet, and to be con- 
ſtructed upon the model. of the enlarged ſails, No 14 or 15 . Tab. 
III. dividing 30 by 7 we, ſhall have 4,28, the ſquare 0 which 


/ 


4. 


1 


ener db "ET 


b 16,33 and this; seSrding to marin J, urid bo the feitwre 
power of 4 ſit of 30 feet; to one of 7 feet chat is, when work 


ing at a mean Hats; the 30 feet fail will be equal to che power of 


18, 3 ttteng or of 35 horſes 3 reckoning 5 men to a horſe: where- 


as the effect · of the common Dutch fails, of the ſame length, be- 
ing leſs in the proportion of 820 Fac e be ſcarce 71 to 


| MEA eee . , 


N e 61 


nearly bold good when applied to works:in large, I have had an 
opportunity of verifying : for in a mill with -the enlarged fails 
pf zo feet, applied to the cruſhing of rape ſeed, by means of two 


runners upon the edge, for making oil; I obſerved, that when 


the fails made tt turns in a minute, in which caſe the velocity 
of the wind was about 13 feet in a ſecond, according to article 

th, that the runners then made ) turns in a minute: whereas 
| 2 horſes, applied to che ſame 2 runners, ſcarcely worked them at 


the rate of 31 tutns in the fame time. Laſtly, with regard to 


the real ſuperiority of the enlarged fails, a above the- Dutch fails as - 


n it has ſufficietifly appeared, not only in thoſe 


© cats: ae en cee e Rn ry 
"a 1 | 


VII. 3 borizontal Windmills and L Water 


_ Whetls, with oblique Vanes.” 


Obſervations upon. the effects 1 windinills 76 
lique vanes, have led many to imagine, that could the vanes be 
brought to receive che direct impulſe, like a ſhip failing before 
the wind, it would be a very great improvement in point of 


power: while others attending to the extraordinary and even un- 


expected effects of oblique vanes have been led to imagine 
that oblique vanes applied to water-mills, would as much 
exceed the common water wheels, as the vertical wind-milk 
e an bori- 


Ton 
— 


— 


* n % 
& Ye 2 8 4 
. RET. 
3 ? 1 3 & ” 


8 6 0 EXPERIMENTAL pnWnny, le, 1 "iS ; 
| -nontal one. Boch theſs notions, but eſpecially the firſt, have 


fo plauſible an appearance, that of late years there has ſeldom 


been wanting thoſe, who have afliduouſly employed themſelves 
+ to bring to bear deſigns of this kind: it may not therefore be 
e e 


n Uicfe. Þ * Let Ah be the Ecken ef a plane, upon 
which let the wind blow in the direction C D, with ſuch a ve- 
locity as to deſeribe a given ſpace B E, in a' given time (ſup- 
poſe x ſecond); and let A B be moved parallel to itſelf, in the 
direction CD. Now, if the plane A B moves with the ſame 
velocity as the wind ; that is, if the point B moves through the 
ſpace B E in the fame time that a particle of air would move 
through the ſame ſpace; it is plain that, in this cafe, there can be 

no preſſure or impulſe of the wind upon the plane: but if the 
plane moves flower than the wind, in the ſame direction, ſo that 
_ the point B may move to F, while a particle of air, ſetting out 
from B at the ſame inſtant, would move to E, then B F will 
+ expreſs the velocity of the plane; and the relative velocity of 
the wind and plane will be expreſſed by the line F. E. Let the 
ratio of FE to B E be given Kauen 2": 3); let the line AB 
repreſent the impulſe of the wind upon the plane AB, wen 
acting with its whole velocity B Ez but, when acting with its 
relative velocity F E, let its impulſe be denoted by ſome aliquot 
part of A B, as for inſtanee 4 A B: then will g. of the paralle- > 
logram A F repreſent the mechanical m_ of the ages * | 
is $ABxF WE. ans Por, N 5 
"Mc Let IN be e inclidcd in . | 
manner, that the baſe 7 K of the rectangle triangle I K N may : 
be equal to AB; and the perpendicular NK=BE ; let the 
plane I N be firuck by the wind, in the direction L M, per- 
pendicular to I K: then, according to the known rules of ob- 
que forces, the impulſe of the wind upon the plain I N, tend 
ing to r enn will 

be 


wt 


be dend by the baſe L K; ; and that part of the impulſe, tending 
td move it according to the direction I K, will be expreſſed by the 


perpendicular N K. Let che plane I N be moveable in the di- 


rection of LK. only; that is, the point Tin the direction of IK, 


and che point N in the direction N Q, parallel thereto, Now. 


it is evident, that if the point 1 moves through the line 1 K, 
While a particle of air, ſetting. forwards at the ſame time from 


te point N, moves through the line N K, they will both ar- 


rive at the point. K at the fame time; and conſequently, in this 
| allo, there can be no preſſure or impulſe of the particle of 
the air upon the plane I N. Now let I O be to I K as BF to 


B E; and let the plane IN move, at ſuch a rate, that the point 


1 arrive ab Oy, and acquire the poſition I Q in the ſame . 
time that a z particle ov ind would move through the ſpace N K. 
as * Qis paralle] IN; (by the. properties of ſimilar trian-. 


; gles) it will cut NK in the, point P, in ſuch a manner, chat 
NPA F, and PK=FE: henceit appears, that the plane l N, by 


acquiring the poſition O Q withdraws itſelf from the actionof. the 
wind, by the ſame ſpace N P, that the plane A B does by acquirin 

the NOK F G; and conſequently, from the equality of P * 

EE, the relative impulſe the Wind P K, upon the plane 
| 60 will be equal to the relative impulſe of the wind F E, up- 
on the plane FG: and fince che impulſe of the wind upon 
AB, with the relative velocity F E, in the direction B Er is 
raegreſented by 4 + A B; the relative impuſe of the wind upon the 
plane I N, in the direQion N K, will in like mannes be repre-. 
ſented by lx, and the impulſe of the wind. upon the plane 
IN, with the Dn velocity P K, in the direction I K, will 
be repreſented by NR, and coniequently the mechanical 
power of the plane I N, in the directiog 1 K, will be 4 the Pas. 


rallellogram 10 that is 4 IKx4 NK: that is, from, the, g 
FE K= , we mall have 41 Q I, 
ABx4BE=; ABxX}BE=, ROAR, 


1 Hire deduce this . 3 "oF 34 
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Wer ol Planes, bowever {Ie that intercept the FR 
hs the wind end having the ſame relative velocity, in regard to 7 
inch when reduced inte. the fame mk. have N e, 
e „ 


be 
A 


"IL * 


. 1 is of "7 — of we eue, rene 
the Fry of che motion. 3 
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Rehe es he er K e Wl. 
Hs GR pat Crab with a direct one; except 


What ariſes from a diminution of its breadth, in reſpect to the 


FF, "$ e N 12005 Jt 


ſection of the MV Rags IN "OY 4 N 
duged,tg.L K. „ val tt 5 12 
Fe The difadyantage! of borizopital windgilts . Goat | 
Sig in this ; chat each ſail, When directly expoſed to the wind, 
is capable., .of a leſs power, than an oblique one of the dane d. 
ee bug er! in an horizontal windmill, little more than.” 
Hail gan be acting at once: whereas i in the: common wind- 
m all. We far cb together: and. therefore, ſuppoſing ech 
W ol an, horizontal windmill, of the ſame, "dimenſions as ech 
vane of the vertical, it is manifeſt the power of a vertical mill 
ea, ſails, will be four times greater than the power of the. | 
one, let its number of vanes: be. what it will: this. 
diladyantage ariſes! from) the nature of the thing; but if we 
conſider the further diſadvantage, that ariſes from, the, diffivulty 
of f getting the ſails back again againſt the wind, &c. we need 
not wonder it this, kind of mill is 3 £2: to. have. not 
eld on ;2, of the power, of the cage Le wag 
ie en ol this kind, 5 f Po ROE TERS 


1 * o * 
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N ti r , 8 HARE "improv vement 7 60 be expetied 
from "ir Milt? Sin Gli us vanes: for the power of, the ſame 
en f 2 ſtream of water, is is not g greater when akling upon 
A Gifique date, than when affing i 2-3 UT one; 4 50 
es | "that can be made by i 132 4 greater felt 
| Which metimes may be done in th e caſe of an open river, il 
de Eounterbalanced by che ſuperior ref fitance, 52 
would meet with by 1 at right. angles. to the current: 


whereas the common n fonts Te move © with Keke rater ne nearly | 


Y 
Is 


55 in the fame dire 


e eee ith tif 8 . pact ae 
* denionftration is general, and proves, that ane PIER, 
liquity is 18 6 80 as another; wh in dur experiments it appears, 
chat there is 4 certain angle which is to be referred to all the 
reſt? 7 It 3s is e 


TK: tar ic the ton of wind interſefted, will be leg; on 
the other hand, the more acute the angle K 1 N, the lefs vil 
Ve the perpendiailar K EN: e eee 
| the reſiſtance of the be greater alſo. Hence there - 
fore, as there is a diminution of the ſection of the wind inter- 
 cqpted on one hand, and an increaſe of reſiſtance on the other, 
- there is ſome angle, where the diſadvantage ariſing from theſe 
cauſes upon the whole is the leaſt of all ; but as the diſadvantage 


the direction I K gore the velocity of the fail greater z 
"wil 


ariſing from reſiſtance is more of a phyſical than geometrical | 


conſideration, we. true * Mg will ven be gee W e 


Segel bin 


1 trying e ee contained in Tab. IL and Iv. 
g the different ſpecific gravity of the air, which is undoubtedly 


different at different times, will cauſe a difference in the load, 
Prpportional- to the difference of its rag gravity, though 1 


velocity _ 


af fuch vanes 


| that if the breadth of the fail IN is. 
given, the greater the angle K IN, and the lefs will be the "baſe | 
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ve remains che ſame; and ed of ſpecific gravity 
+ J ariſe not only from a. variation of the w of the whole 
—_ but allo by the ' difference of heat of "air cotverned 5 
uin cht ceferim eit hhd polibly oft other caults}/ pet d ifregul = 
larities that might ariſe from a difference- of ſpecific gravity 1 
trere thought to be too {mall to be perteivable, till after the E 
principal experiments were made, and their effects compared z N 
from which, as well as ſucceeding experiments, thoſe variations | 
were found to be cipable of 5 ſenſible, though no 
de dect: however, as 
22111. e ſalon? in the day-tjme, ENT” | 
we may ſuppoſe that the principal ſource of error would ariſe : 
from the different weight of the column of the atmoſphere at 
differerit ties? but as this ſeldom varies above -* 75 part be the 
whole, we may conclude, that though many of the i irregulari- 
ties contained in the experiments referted to in the 5 
= might ariſe from this cauſe; yet as all the principal conclu- 
try ofa e number, 
many 33 Nu e ſumed that 
y will nearly agree with the truth, and be 10 ſufficient 
for regulating the practical conſtruction of thoſe kind of s. 
N for which uſe Wes were 7 intended, 1 
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br apnea "the" year" 1685 Siersk Ae rw ron brd pub- 8 
RE" bis Principia, and, coformably to thi language ot ma- 
wemitielahs of thoſe times defined, that « the quant 
4 is thg meaſure of the fate, ariſing from thE velocity and 
« quantity of matter cbffbindy Very ben after «this pubs 
licatior,” die truth or propriety of this definttzorl was -diſputed by 
certain Philoſophers, -whb* contended, that the méaſlire of the 
nity of motion ſhould be eſtimated by taking the quantity 
of mütter and che ſhuarsof the 'velocity" conjbintly There 
is nothing more certain; than thut from equal imp | 
ns Bi equal ifitervals of the; equal increaſes 
tired oy bockt, wen” ditch ffed by a 
thits praivith ca „ in obeying its Iimpulſe during one 
fectiid of titks, to egal x veldeiey which would carry 
uniformly forward, withdut any additionaf impulſe] at the ra e 
6 32 ft. 2 in. per cba ant if gravit" is fükere! 10 26 
Suibreg 301. ETHICS! OA gf It AN 1255 1 07 upon 


nn. — yneraner 


UP it fer wo a ie willchave, ASTD Hs Sade 
be. formers} drs is ar che rate begin ra ſecond... Nowy 
if ig qanſequence, of. thin equal. jncreaſe of velocity, im an equal 
increale. of time, bythe {continuance | of the. me impellirig 
powers vg defim thin dn be a double quantity of motion, which; | 
is generated in a given quantity of matter, by the Aion af the 
ſame impelling power for a double time; this will be co-incl= 
dent. with. Sir 18A NEW Tan's: definition above mentiancd;| 5 
Whereas, N upon the total efiects of, bodies 
in motion, it appears that wben a body is put in motion, 


whatever oauſcy the impreſſion it will make upen an | uni 


formly, refiſting medium, or upon uniformly: yielding ſuba- 
ſtances, will be as the maſs l. matter 6 of the moving body, 


multiplied by the ſquare of its velocity: the queſtion, 


therefore, properly is, whether thoſe terms, the quantity "of, | 
mation. the momenta of bodies in motion, or forges of bodies in 
wezios, Which bave generally been eſteerbed Iyhon you are 
wich che moſt propriety of language to be eſteemed equal, 
doublaugr triples when they have heren generated by 
impulſe, acting for an equal, double, or ttiple time; or; that i 


it loud, be meaſurgd by the  «ffeQs beiag equal, double, or 
| triple, in overcoming feſiſtances before A body in motion can be 


ſtopped d For acęprding as thoſe terms are underſtood in this or 


that May it will neceffarily follow, chat the meinenta. of equal 


bodies. will; pe, a8 the, velocities, or as the {quares of the, velo- 
cities, or as; the ſduares of the velocities reſpeQively ;, it heing 
certain, that, whichever we take for the proper definition of the 


| term quantity, of motion, by Paying, a proper regard to the © 


callateral circumſtances that. attend the application of it, the 
ſame;concluſion, in point of computation, will reſult,... ſhould 
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Aion acting for ) inſtead of 14“ generates a double en 


che mechanic power employed to generate it is quatlriaplag\for 
32 * 2rBoß. And here. the mechanic power employythbeing | 
four times greater than the-firfſt,-it, holds here alſo; thut thoume- 
chanic power, to be neceſſarily employed, is as the ſquateuaf be 
velocity to be generated; that is, in the ſame proportion as turned 
but im the third erperiment, where the mechame over tp) - 
e gory: cath Arth Jags e 


J 855 $thly, - 


* 


article. Ig 5 2m 11: © llt ob 8 4 1 315 


n "2 i 83 gf 
. Ib Shag cen erer went were made, zich u me | 
chuniopomger four: times greater than thoſe employed in numbers 
2und2relpeRtivaly , and fince the fame deductions reſult from 
hence as from numbers and 3, they are additional confirma- 
tions of the. concluſions drawn from them” and .from the laſt 


5753 pri N fy x 
Fas ; 
18 Nbg 5 110 8 Je . 8 


- 


45 eee eee 


ratus. is the ſame as number 1, only here the bodies are placed | 


rds dhe aus gt the hglfcdength; from. whence it appears, that 


the Game mechanic:power ſtill produces the ſame ware tn the | 
ſame bodies 3 far though 20 fevolutions Vere performed n 
(ee colump 5) which istneariy half che time that 29 reyolutions 
were performed in the firſt, experiment; yet, ſigcs the circles, in 
which the 2bodies-,revalved,jn.,the. ſeyenth are only, of half the 
- circumference: a8 choſe: a number 1, it is obvious, that the ab- 
Jute velonity acquired h che moving bodies in the two caſes is 
equal. But, by column 6th, the time in which il was 
is only half; yet, notwithſtanding, this will coincide with 


_ former atmelufons; if the! intengity-of. the impelling power 2 


compbunded i there with 3 fat; though; the, barrel was the me 


- with the fame number of turns as in number I, and therefore the 
ever the fame; byrhich the impelling power acted, yet, as the 
bodies; uf which! this lever, was, to act, were placed upon a 
beet af onlyihalf de length from: dhe centre, the impelling power 
acting by che firſt lever, uld act upon che ſecond with double 
Iche intenſity, according to the known laws, of mechanics ; that 


Ain it would require double weight oppaling the bodies, to pre- 


* 


: went their moving, in order to balance it, An impulſiye power, 75 


therefore, of double the intenſity, aQting, for half the time, pro». 
VV 25 


| | po Ke tp ng he wn. 
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pay Th. e ens mind bn en f 00d the fame. de- : 
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the fourth, aud that 5 


2 e 
bo. a ee thick 46 relpedting the fr and Roll at hear Se, 
went bf the whale, when the neceſſary” ald wines Velofe en: 
5 tioned art Made, together with fone imall inghualicy S:llihg 

_ the mechatücal power Joſt by. the difference of the motian' 
by gravity to the Weight in the ſeale: Lay, iow! thels — 4 
merits, under the very different mechanical pbwerd applied; 

Which were varied In the proportion of eee e 

condlude, chat this is the univerſal lad Ef natute; 1 


capacities of bodies in motion to produce 'mdchdnical” Meds; bw 
the' quantity of meehanic power neceſſity to be emple 

Juce or i generate different velocities (the bodies being Tuppoled 

equal in theit quatitity of matter); chat the mechanies powerves 

be" expended are as the ſquares of the velocities to bel generated, 


the i -power compounded Wien, or multplicdcbyg dhe 
ame of is act. e. 1,89 ec IÞ „ big 2naq 


i 30 n et bike 


bis that, 3 Rath clearer. Sg of-the d- | 
| Uiign betiyern velocities produced, and the-quantity of mechanic | 


Bower required to produce them; together with the .callateral 
Atcumſtauces attending, by which theſe propoſitions, ſetmingly 


 Ulucidation, which indeed was the otigindl ides that, occurre 
bo me on vonſilering this ſubjeRt;' tv put Which: te an exper 
Head (GEARS Be oregainy 
on -) FEY 15 0 5 PaK fit. 2 2855 99101 et 
wi Nin A 78 da oats yi '1f ;w 1 500 85 10 vi mol 


Suppoſe than A [99 ver ballcof r0-ifdet;; didmetzr,turngd 


y 
* incl, and tiuly level. Now, if'a-vriamibegins 
bet wall Hull it very reſiſting to motion ut; fink duty by dom 
tinui uing the” impulle, he. wil. gradually; get: it into motion, ad 


Kr: 2 nothing to reſiſt it but ce. air, he mill by: danjiouing 
E de, & length mY — . | 
3 9 90 up- 


tbo," ve reconciled and united, by ſtating che following popular 


ſpherical,” and ſet upon an extendedylane:.of tha fun 
1o.ppſhant.in, 


7 


— 


and die vent; and that the ſimple velocities generged : 


W arparatus and ug : 


1 Aue 


do of one yard a, by chi mation, proceeding from reſt 5 
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| MENTAL EXAMINATION, Kc. 
beit edu e be Et SnDogtor, ob Mi in 194 8 
fit ed minute he.grty. it rollee r 


ſs, n0w, 2 


dees ee happens, to, falling bodies) it would continue. to fl | 
a ls e ber minute, without further 
helps bur, ſuppoſing. him to continue his endeavours, at the end 


ce neter minute, be will have. given, it a veccity capable of 
- gongigg;it-4hrovgh,a ſpate. of two, yards more, in 2dfifipn to 


the former Shatiny at the rate of, four yards per minute 3, and at 


te end, e the third minute, he. bas again added an, equal in- 


| a ccasſe vf velocity, and made it proceed at the rate of ſix y 


Y de mußt aße in abis time bone. gradually change! its yeloeiry | 
fame: kaun uf beo yards. per minute, to. that; of four, and thy | 
pad mat lis will: of. conſequence haue aftually been obliged to 


detumiputeg and ſo on, increaſing its velocity at the rate of ts 


Jane in every minute. The inan, therefore,, jn the ate of 
- onary-minute; exerts an equal impulſe upon, the half, and, e. 
_  nerntevian, equal increaſe. of movement correſpondent to the 
definition of Hir ISAAC NEWTON, But let us ſee, what, Rape 
bens beſides: che man, in the firſt minute, has moyed. hut one 


yard from where he ſet out; but he muſt in the ſecond minute 


> move two yarig more, in order to keep up witk the hall z and 
ash6-exerted'aw impulſe upon it, ſo as at the end, of the; He 


19-hays given it an additional, velocity, of the to 


80 rouge in the-ſecond minute, will be according to the mean 


- of term of velocity at the beginning and end thereof, Fhat | 


ie, three yards in the ſecond minute; ſo that being one 


io] 


from his original place at the begining of the ſecond minute; at 
dend of :itibe will have moved the ſum of the journies of the 
Ar agdiſicond\ minute; that is, inthe whole four yards from his 


bripina place. As he has ne generated a velbcity i in the dall 


-ofofbut yards. pry minute, in the third minute he muſt. travel 
War; panda, keopup:with the ball, and one more in generarin 
hel equal inerement of velocity; fo that in the third minun 


HQ 


| de muſt travel W the lane irapeling pot » 


1 Te de third mii 
5 a del led u. I. e procolyng gnigen, #1 


+ © -  unifpemly. forms. at the gte of fix yarty per. minute, as be- 
| fors; Hate. We may now leave the further , purſuit of theſe © 


Pinpts, is to that of. the_valocity ge 


15 Ws. alle, 8 1,:,9, it follows, that dhe ſpaces — 


5 ag bref = 


the end of. the third minute nine yards from whence be &t; 
having then, given, the ball, a yelocn e of. carrying it 


and {ee how the account ſtands. He generated 4 


wegn of o yards por. minute in the firlt minute, the ſquare | 
2 when. be kad moved but one hard dem his 
dhe ſquare, 8 4 is thirty-ſix,/ at the. end of he ür 
| minute, when he had travelled nine yards from his place. Now, 


.velocity of (ix yatds ger minute, 


Hace the ſquare of the,velocity, generated at, the Nay 4 * 
L wigute,. 48.4 J 35, that is, as 4. 5. 9nd P 
waved rough hy che man to communicate. theſe. „ 


N muſt travel, in order to generate wag. 


. velocities mag are communicated | 
Fe hl For, if lde man was to be brought back an n 


power, equally exerted upon de 


ws. equally reſiſting, this would, be_chg/meaſure of what the 


has done in order to give motion to the ball. It therefore 
Qly follows, conformably to what has heen deduced. the 


= experiments, that the mechanic power that. muſt. RT 


be employed in giving different degrees of velocity to the u 


body, muſt be as the ſquare of that velocity; and if the c- 


erſe of this [propoſition did not hold, i, that if a body:in 


| metion, in being ſtopped, would not produce a mechanical 
| ual or proportional to the ſquare of its velocity, or to 
[: . mechanical. power employed in prollucing. jt, . , 
2 * with i ns 8 — as 2 2 a = 


x a * 
Thus 
, * 
” 
4 \ 


7 


res twice the velocity ts a body that 
this collateral circumſtance attends it 


n 


fore, though the 'velocity is only doubled, yet four times the 
mechanical power has been conſumed in producing it, as four 
times the mechanical power mul} be expended e "Pp 
e e | | 
4 | | 
"Wat ahiiart to be hy 8 ik 
| lat Rave arifer, but of tþe miſtakes that have been 
| eee of 


er ade xv vos, have camplained of their advelari 
therfifelvi fave hot Mun be pd eee 


the impelling ey net rodu 
; par Fr e regs of yelocity, ren 
circumſtances both of time and 


by CH N of motjon, momentum, and farce of 
"inn CHO nh indefinite; and that they, 


E. wing A Pesomes a- common meaſ ſo chat, 
Wee to be VEE 


* ; 
by 1 


tat at the end of the double time, In conſequence of the 
5 e ng ae eee the body has fallen from where 
it ſet forward" through four times. the perpendicular; and there- 


of tiivtion; that while thoſe, that bave adhered to the definition 


49-5; 
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9 % and fundamentally compared, as 
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£ al; Mt coll de d- of ths Ame Us. ; 
dhſal Pb er ANI, in 4 GoubIE title," prota ave regent 
bias hat erbe, N wee ef Pdf, Wrong egen 
gau, is Weahured” by the While! of ity Wechahiesk- Eee 
A er that feet protacedin 4 greater or x teffir 
times chul, Big Ee treafurer up 1880 dus f water; which,! 

Se the Gpefthot Wheel"6f 4 min, and deſcening 

throdgh's Pelpeilole für br 40 fect; dh poser üpplies to proper 

mechanic inſtruments, will produce a certain effect, chat is, it 
will grind a certain quantity of corn; and that, at a certain rate 
of expending it, it will grind this corn in an hour. But fuppoſe 
he mill equally adapted to produce a proportionable effect, by 
the application of a greater impulſive power as with a leſs ; then, 
if T let out che water twice as faſt upon the wheel; it will grind the 
corn twice as ſaſt, and both the water will be expended and the 
corn ground i in half an hour, Here the ſame mechanical effect is 
produced; ; viz, the grinding a given quantity of corn, by the 
mme mechanical power, wiz rb tuns of water deſcending 
FA through a given perpendicular of 20 feet, and yet this effect is in 
one caſe produced in half the time of the other. What time, 5 

| therefore, has to 40 in the bulineſs is this: let the rate of doing | 
| the bulinefs, or producing the effect, be What it will, if this 
rate i is uniform, when I have found by experiment what is done 
ina given time, then, proceeding at the ſame rate, twice the 
effect will be preduced in twice the time, on wuppoſitten mat 1 
Have 3 a ſupply of mechanic power to go on with. Thus 1000 
tuns of water, deſcending through 20 feet of perpendicular, 
being, as has been ſhewn, a given mechanic power, let me ex- 
pend it at what rate 1 will, if when this is expended, I muſt , 
wait anothet hour before it be renewed, by the natural flow of a 
river, or otherwiſe, I can then only- expend twelve ſuch quan- 
ches of er N dut i ſr T; am e 1000 
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 Tican.go on continually at that rate, and the, pypdufz, or; fert 

vin be in proportion to time, which js the common meaſu re; 
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two tivers, compared. by taking an equal portion of time, is c 
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e | EXPERIMENTS | 
von THE | 


. COLLISION OF BODIES. 


Reader the Royal Saar. aut 18, , 1788. 


10 


| ag dhiverſlly n that the firſt gpl princi- 
piles of ſcience cannot be too critically examined, in order to 
their being firmly eſtabliſhed ; more eſpecially thoſe which 
relate to the practical and operative parts of mechanics, upon 
which much of the active buſineſs of mankind depends. A 
ſentiment of this kind occaſioned my tract upon Mechanic 
Power which is the ſecond paper of this Volume. What I have 
now to offer was intended as a ſupplement thereto, and the ex- 
periments were then, in part, tried ; but the completion thereof 
was deferred at that time, partly from want of leiſure ; partly 
to avoid too great a length of the paper itſelf; and partly fo 
* the bringing forward too many Nane at once. of 


My preſent purpoſe is to, ſhew, that the true Ae of the 
colliſion F bodies hangs as it were upon the ſame hook, as the 
doctrine of the K generation of motion from reſt, conſe: 
9 1 dered 


96 EXPERIMENTS UPON COLLISION. 


dered i in that paper: that is, that whether bodies are pat? into 
4 gradual motion, and uniformly accelerated from reſt to any given 
velocity; or are put in motion, in an inſtantaneous manner, 
when bodies of any kind ſtrike one another; the motion, or ſum 
of the motions produced, has the fame relation to mechanic 


power therein defined, which is neceſſary to produce the motion 


deſired. To prove this, and at the ſame time to ſhew ſome 
capital miſtakes in principle, which have been aſſumed as indiſ- 

putable truths by men of great learning, is 155 reaſon of my 
now purſuing the ſame * 


4 do not mean to 8 out. the particular nyfgkes, which 


* 


hays been made by particular men, as that would lead me into 


too great a length: I ſhall therefore content myſelf with obſer- 


ving, that the laws of colliſion, which have been inveſtigated 


by mathematical philoſophers, are principally of three kinds; 
viz. thoſe relating to bodies perfectly elaſtic; to bodies perfectly 
unelaſtic, and perfectly /o oft; and to bodies perfectly unelaſtic, 
and perfectly ard. To avoid prolixity, I ſhall conſider in each, 
only the ſimple caſe of two bodies which. are equal in weight 
or quantity of matter ſtriking one another. ReſpeQing thoſe 
which are perfectly elaſtic; it is univerſally agreed, that when 
two ſuch bodies ſtrike one another, no motion is loſt ; but that 
in all caſes, what is loſt by one is acquired. by the othen: and 
hence, that if an elaſtic body in motion ſtrikes another at reſt. 
upon the ſtroke the former will be reduced toa an reſt, and 
the latter will 177 off with an equal dr | 5 vita 


TE lire n manner, i a 3 1 ofe body firikes TRE % 


reſt, they neither of them remain at reſt, but proceed together 
from the point of colliſion with exactly one half of the velocity 
g that the firſt had before the roke z, this. is alſa univerſally al- 


lowed to be true, and is fully proved by every. good experi- 
ment upon the ſubject. 


f ReſyeBingthe third, ſpecies, af body, that is, thaſe that: aro, 


ngo-claſtic and yet perfectiy hard: the laws of motion relating 
55 0 7 „„ to 
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wank as laid. down by one ſpecies” of philoſophers,” have been 
rejected by another; the latter alledging, that there are no ſuch 
bodies to be found in nature 'whereon to try the experiment; 
but theſe who have laid down and affigned the doctrine that 
would attend the colliſion of bodies, of this kind (if they could 
de found) have univerſally agreed, that if a non-elaftic hard 
body was to ſtrike another of the ſame kind ut reſt, that, in the 
ſame manner as is agreed concerning non-ela ſtie ſoft bodies, 
they neither of them would remain at reſt, but would in like 
manner proceed from the point of eolliſton, with exactly one half 
of the velocity that the firſt had before the ffroke; in Hort) they 
lay it down as a rule attending all non- elaſtic bodies, whether 
hand or ſoft, that the velocity after the ſtroke will be the lame 
Gen mn one half of the velocity MOURN an Ariking body. 


Mere is Merce the aMangtion' df © dunner which in 
1 is proved by no experiment, nor by any fair deduction of 
reaſon that I know of, be. that the velocity of non elaſtic hard 
bodies after the ſtroke muſt be the ſame as that reſulting from 


the ſtroke of non-elaſtic / oft bodies; ; and the queſtion now is, 
meat ora 097 | 


Here it may be yery property kd what " effects can re- 
ſult to practical men, if philoſophers ſhould reaſon wrong con- 
cerning the effects of what does not exiſt in nature, ſince the 
practical men can have no ſuch materials to work upon, or miſ- 
judge of? But it is anſwered, that they who infer ah equality 
of effects between the two ſorts, may from thence be miſled 
 * therfiſelves, and in conſequence miſlead practical then in their 
reaſonings and concluſions concerning the fort with which they 
have abundant concern, to wit, the non-elaſtic /oft bodies, of 


which water is one, which they have much to do wich in their 
daily practice, N 


| Proview " the trying my enpetiment on mills, I never had 
doubted the * the doctrine, that the ſame . * 
13 


— 
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denn e rake. af. ith; lente ef nom alete babes der the, 
trial of thoſe experiments made me clearly ſee at leaſt the ineon- 


cluſiveneſs, if not the falſity of that doctrine: becauſe I ſound a 


reſult which I did not expe& to have ariſen from either ſort; 
and for the which, when it appeared from experiment, I could 
ſee a ſubſtantial reaſon why it ſhould take place in one ſort, and 
that it was impoſlible that it could take place in the other; for 
if it did, the bodies could not have been perfectly hard, which 
would be contrary to the hypotheſis: of this deduCtion I have 
given notice in my ſaid tract on . page 5 ee 
there Sons Yf over ſhot N Sc. | | 


11 my alſo be faid, that Coca we hive no | bodies perfeftly | 
elaſtic, or perfeRly unelaſtic and /oft, why ſhould we expect 
bodies perſectly unelaſtic and hard? Why may not the effects 


be ſuch as ſhould reſult from a ſuppoſition of their being imper- 


feflly elaſtic joined with their being imperfedly hard? But 
here I muſt obſerve, that the n 1 880 to bes 4 con- 
tradiction in terms. b | 8 F 


We hure bodies which are fo N 3 elaſtic * the: 
laws may be very well deduced and confirmed by them ; and the 
ame obtains with reſpect to non- elaſtic ſoft bodies; but con- 
cerning bodies of a mixed nature, which are by far the greateſt ' 
number, ſo far as they are wanting in. elaſticity, they are oft 
and bruiſe, yield, or. leave a mark in colliſion ; and fo far as 
they are not perfectly ſoft they are elaſtic, and obſerve. a mix- 
ture of the law relative to each; but imperfectly elaſtic bodies, 
imperfectiy hard come in reality under the ſame dęſcription as 
the former mixed bodies: for ſo far as they are imperfectly 
hard they are ſoft, and either bruiſe and yield, or leave a mark 
in the ſtroke ; and fo far as they want perfect elaſticity, they are 


non: elaſtic; that is to ſay, they are bodies imperfectly elaſtic, 


and imperfectly ſoft; and in fact I have never yet ſeen any 
bodies but what come under this deſcription. It. ſeems, there- 


fore, that reſpeRting the hardneſs 0 bodies " differ in de- 
grees | 


"EXPERIMENTS UPON: COLLISION. &— 99 


„„„j%j0%% „„ et ww. - BG, 


city or coheſion; that is, are further removed from perfect 
ſoltneſe, at the ſame time that their elaſtie ſprings, ſo far as they 
reach, are very ſtiff; and hence we may (by the way) conclude, 
that the ſame mechanic power that is required to change the 
figure in a ſmall degree of thoſe bodies that have the popular 
appellation of hard bodies, would change it in a great degree in 
\ thoſe bodies that approach towards ſoftneſs,” by having a ſmall 
degree of tenacity or coheſion. In the former kind we may 
rank the harder kinds of NEED vain the 8 
ne 


. While hs rhiloſophical world was divided 64 the. , Uſpute 
eee opinion, as it was called, concerning the 
powers of bodies in motion, in proportion to their different 
velocities: thoſe who held the old opinion contending, that it 
was as the velocity /imply,' aſked thoſe of the new, How, upon 
their principles, they would get rid of the concluſions' ariſing 
from the doctrine of unelaſtic perfectly hard bodies? They 
replied, they found no ſuch bodies in nature, and therefore 
did not concern themſelves about them. On the other 
hand, thoſe of the new opinion aſked thoſe of the old, How 
| they would account for the caſe of non-elaſtic ſoft bodies, 
where, according to them, the whole motion loſt by che ſtriking 

body was retained i in the two after the ſtroke (the two bodies 
moving together with the half velocity,) though the two-non- 
elaſtic bodies had been bruiſed and changed their figure by the 
Aroke ; for, if no motion was loft, the change of figure muſt be 
: opinion ſeriouſy ſet about proving, that the bodies "might 

change their figure, without any loſs y motion in either of the 
_ firiking bores, 


Neither of theſe anſwers have appeared to me fatisfaQory, 
eſpecially fince my mill experiments: for with reſpect to the 
firſt, it is no proper argument to * the e of find 

L:4- - ing 
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dluſion drawn from an abſtract idea. On the other hand, if it 


can be ſhewn, that the figute of a body can be changed, with- 


out a power, then, by the ſame law, we might be able to make a 
forge hammer work upon a mals of ſoft iron, without any other 
power than that neceſſary to overcome the friction, reſiſtance, 


and original vis inertia, of the parts of the machine to be put in 
motion: for, as no progreflive motion is given the maſs af iron 
by the hammer (it being ſupported by the anvil), no power can 


be expended that way; and if none is loſt to the hammer from 
changing the figure of the iron, which is the only effect pro- 
_ duced, then the whole power muſt reſide in the hammer, and it 
would jump back again to the place from which it fell, juſt in 


the ſame manner as if it fell upon a body perfectly elaſtie, unn 


which, if it did fall, the cafe would really happen: the power 
therefore, to work the hammer would be the fame, whether it 
fell upon an elaſtic or non-elaſtic body; an idea ſo very con- 
tracy to all experience, and even apprehenſion, of both the phi- 
loſopher and * artiſt, Wan leave it to its own 

As 3 however, is foconvincing to the <P as l expe- 
riments obvious to the ſenſes, I was very deſirous of contriving 
an experiment in point, and as I ſaw no hopes of finding matter 


to make a direct experiment, I turned my mind towards an in- 


direct one: fo circumſcribed, however, as to prove inconteſta- 
bly, that the reſult of the ſtroke of two non-elaſtic perſectly 


hard bodies could not be the ſame as would reſult from the col. 


liſfion of two ſoft ones; that is, if it can be bona fide proved, 
that one half of the original power is loſt in the ſtroke of ſoft 
bodies by the change of figure (as was very ſtrongly ſuggeſted 
by the mill experiments) ; then ſince no ſuch lofs can happen in 
the colliſion of bodies perfectly hard, the reſult and conſequence 
of ſuch a ſtroke muſt be different. 


- The confequente # a ſtroke of bodies perfectly hard, har 22 
wid of elaſticity, muſt doubtleſs 1 different from that of bodies 
perfectly 


＋ 
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driven" off: wich the velocity of the ſtriking body, for that 


is che conſequence of the action of the ſpring. or elaſtic parts 
between them, as will be ſhewn in the reſult of the experiments; | 
the ftriking body will therefore not be ſtopped, and as the mo- 


tion it loſes muſt be communicated to the other, from the equa- 
ty of action and re- action, they will both proceed together, 
; with an equal velocity, as.in the caſe of non-elaſtic ſoft bodies: 
the queſtion, therefore, that remains is, what that velocity muſt 
be? It muſt be greater than that of the. non-elaftic ſoft bodies, 
becauſe there is no mechanical power loſt in the ſtroke. It 
muſt be leſs than that of the ſtriking body, becauſe, if equal, 
inſtead of a {oſs of motion by the collifion it will be doubled. 
I, therefore, non- elaſtic ſoft bodies loſe half their motion, or 


mechanical power, by change of figure. in colliſion, and yet pro- 


ceed together with half the velocity, and the non-elaſtic hard 
bodies can loſe none in any manner whatever ; then, as they 


muſt move together, their velocity muſt be ſuch as to preſerve 


A 
| ſtroke the ſame as it was before it. . 


For e de thn exlority: of the Belking body bade the 


| Rtroke be 20, and its maſs or quantity of matter 8; then, 
according to the rule deduced from the experiments in the tract 
on Mechanic Power (fee exp. third and fourth) that power will 
be expreſſed by 20x20=400, which x 8 = ga; and if half of 


it is loſt in the stroke, in the caſe of non-elaftic ſoft bodies, it 


will be reduced to 1600; which 16 the double quantity of 
matter, will give 100 for the ſquare of their velocity; the 
ſquare root of which being 10, will be the velocity of the twa 


non-elaſtie ſoft bodies after the ſtroke, being juſt one half of the 


original velocity, as it is conſtantly found to be. But in the 


non- elaſtie hard bodies, no power being loſt in the ſtroke, the 
mechanic power will remain after it, as before it, = g200 ; this, 


in like. manner, being divided by 16, the double quantity of 
matter, will give 200 for the ſquare of the velocity, the ſquare. 


; * * 
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boot of which is: 14.14, Kc. for their velocity after ue Abe, 
which is to 10, the velocity of the non-elaſtic ſoft bodies after 

the ſtroke, ee e ee 2 to hs v bergen og | 
a ke © 


V 
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of the mechanic power is loft in the colliſion of non- elaſtie ſoft 
bodies z for which purpoſe my mind ſuggeſted the following re- 
feQtions. In the colliſion of elaſtic bodies the effect ſeemingly 
inſtantaneous, is yet performed in time; during which time the 

natural ſprings. reſiding in elaſtic bodies, and which conſtitute | 
them ſuch, are bent or forced, till the motion of the firiking 
body is divided between itſelf and the body at reſt; and in this 
Rate the two bodies would then proceed together, as in the caſe 
of non-elaſtic ſoft bodies; but as the ſprings will immediately re- 
ſtore themſelves in an equal time, and with the ſame degree of 
impulfeve force, wherewith they were bent in this re- action, 
the motion that remained in the ſtriking body will be totally 
deſtroyed, and the total exertion of the two ſprings, communi- 
cated to the original reſting body, will cauſe it to ſly off with 


pon n if we a vas a or 
ſuch a way that they ſhould either act as bodies perfectly elaſtic ; 


or that their ſprings ſhould at pleaſure be hooked up, retained, 


or prevented from reſtoring themſelves, when at their extreme 


degree of bending z and if the bodies under theſe circumſtances 


obſerved the laws of colliſion of non-claſtic ſoft bodies, then it 
would be proved, that one half of the mechanical power, reſiding. 
in the ftriking body, would be loft in the action of colliſion ; 


| becauſe the ĩmpulſive force or power of the ſpring in its reſtitu- 


tion being eut off, or ſyſpended from acting, which is equal to 
the impulſive force or power to bend it (and which alone has 
been employed to communicate motion from. one body to the 
other), it would make it evident, that one half of the impulſive : 
force is loſt in the action, as the other half remains {ocked vp, in 
83 ö 8 9 the 
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che ſprings, it alſo follows, as a collateral circumſtance, that be. 


che impulſive power of the ſprings what it may from firſt to laſt, 


yet as one half of the time of the action is by this means cut off, 
in this ſenſe alſo it will follow, that one half of the mechanic 
power if deſtroyed; or rather, in this caſe; remains locked up 
in the ſprings, capable of being re-exerted whenever they are 
ſet at liberty, and of producing afreſh mechanical effect, equi 
wh e woten e eee potter ef Ge eyo-amaetiallic 
e rr e ONE. | eo rien ni; C 
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| " Hoon we 3 1 that the eat chr 
expended i in diſplacing the parts of non- elaſtic ſoft bodies in 
colliſion, is exactly the ſame as that expended in bending the 
ſprings of perfectly elaſtic bodies; but the difference in the ulti- 
mate effect is, that in the non-elaſtic ſoft bodies, the power 
taken to diſplace the parts will be totally laſt and deſtroyed, as 
| it would require an equal mechanic power to be raiſed a-freſh, 
and exerted in 4 contrary direction to reftore the parts back 
again to their former places; whereas, in'the caſe of the elaſtic 
bodies, the operation of half the mechanic power is, as obſerved. | 
already, only locked up and ſuſpended, and capable of Wo 
re. exerted wow a further original . U 


4 3 


Theſe ies aroſe — 5 the 88 of he a wied- 
upon the machine deſcrided in my ſaid tract upon mechanic 
power, and were alſo communicated to my very worthy and inge- 
nious friend WILLIAM Russ Eſq, F. R. S. at the ſame time 
that I ſhewed him thoſe experiments in 3759 3 but the mode 
of putting this matter to a full and fair mechanical trial has 


ſince occurred; and though ſome rough trials, ſufficient - to 


ſhew the effect, were made thereon, prior to the offering 
the Paper on Mechanical Power to the Society in 1776, 
yet the machine itſelf I had not leiſure to compleat to my. 
ſatisfaction till lately; which I mention to apologize for the, 


length of time that theſe ſpeculations 1 9 in bringing 
i 9 
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| " hula, CD are two compound bodies of about a pound weight 
| each, but as nearly equal in weight as may be. Theſe bodies 
are alike in conſtruction, which will be more particularly ex- 
_ plained by fig. 2. Theſe bodies ate ſuſpended by two White 
fir rods of about half an inch diameter, ef and g # being about 
four feet lang from the point of ſuſpeaſion to the center of the 
bodies; and their ſuſpenſion is upon the eroſs piece II, which is 
mortiſed through, to let the rods paſs with perfect freedom; 
and they hang upon two ſmall plates filed to an edge on the 
under ſide, and paſs through the upper part of the rods. Their 
centers are at 4 and /, and the edges being let into à little 
notch, on each fide the mortoiſe, the rods are at liberty to 
vibrate freely upon their reſpective points (or rather edges) of 
ſuſpenſion, and are determined to one plain of vibration. 
MN is a flat arch of white wood, which may be covered with 
paper, that the ws thereupon may be more conſpicuous, | 


Tue eroſs dere 11 bene pet 6 ſo OY OY | 
lar, that the bodies in their vibrations may paſs clear of it, 
without danger of ſtriking it; and alſo the arch MN is brought 
o far forward as to leave no more than a clearance, kucken. 
bor the rods to vibrate _ without touching it. 


pic. 2. ſhews one of the LY bodies, Jrawn of its full | 
ſize. AB is a block of wood, and about as much in breadth . 


as it is repreſented in height, through a hole in which the 
wood rod © C paſſes, and is fixed therein. | 
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| to catch the teech of the ratchet, and retain it together with the rn 
| ſpring at any degree to which it may be ſuddenly bent; and for 
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D repieſents a plate of lead about r inch 
Aten; one on each fide,” ſcrewed on by way of giving it a eom- 


petent weight. 4 B ef g repreſents the edge of 2 ſpringing plate 


of braſh,” rendered elaſtie by hard hammering; it is about five 


. _ eighths of an inch in breadth, and about one twentieth of an 


inch thick. It is foxed dawn upon the woeden block at its end 


45 by mens of a bridge plate, whoſe end is ſhewn 4 i, and is 


ſcrewed dawn on each ſide of the ſpring plate by ſcrews, which 
being relaxed the ſpring can. be taken out at pleaſure; and ad- 
juſted to its proper ſituation. . 40 is. a light thin lip of a plate, 
whoſe under edge is cut into teeth like a fine ſaw or ratchet, and 


is attached to the ſpring by a pin at & which paſſes through i ity | 


and alſo through a ſmall ſtud rivetted into the back part of the 


ſpring, and upon which pin, as a center, it is freely moveable. 


m n ſhewa à finalt plate ar ſtud ſeen edgeways raiſed upon the 


bridge plate, through an hole in which ſtud the ratchet paſſes ; 


and the lower part of the hole is cut to a tooth ſhaped properly 


this intent it is kept bearing gently downward, by means of a 


wire⸗ tpring op Which is in reality double, the bearing part 


at o being ſemi- circular; from which branching off on each fide 


the rod CC, paſſes top, and fixes at each end into the wood at 


9. However to clear the ratchet, which is neceſſatily in the 
5 middle as well as the rod, the latter is perforated; and alſo the 


block is cut away, fo far as to ſet the mainſpring at e free of all 
obſtacles that would prevent its play from the point B. The part 
f'g is ſhewn thicker than the reſt, by being covered with thin 


Kid leather tight ſewed on, to prevent à certain jarring that 


Peres et nn ov taghaes. d .ch re PR 
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are put on as follows. o fis an arch of 2 circle from the center 
1 and an arch of a circle from the center I, interſecting | 
eactt other at 8. Now the middle line of the marks t, v, are 
wn ſame diſtance from the middle line at S that OOTY : 
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are; ſo. that en ehe hangs in its own free poſition, 
Shani againſt the other, the rad e f will cover the 
mark at t, and the rod g A will cover the mark at v. From the 
point S upon the arches Sþ and S9 reſpectively, ſet off points 
at an equal and competent diſtance from 8 each way. which 
Vill give the middle of the mark w and æ: and upon the arch 
8 p find the middle point between the mark v and w, Which let 
de y; and on the other fide, in like manner, upon the arch 8 
find a middle point for the tnark 2; then ſet off the diſtance Sv 
or $4 from 5 each way, and from r each way; and from theſe 
Points, drawing lines to tbe reſpective centers {and ii, they will 
iv e che place and poſition of the marks r and 20, and 
25 Ld machine Rue for uſe.” Wo Ss 
| 18 en 
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- FOR this ab the pins, n from. 1 re- 
hates and the ſprings: being t then at liberty, with a ſhort | 
"bit of ſtick (ſuppoſe the ſame ſize as the rods) turn aſide the rod . | 
El with the right hand, carrying the body D upwards. till the 
fick is upon the mark w, as ſuppoſe at 94, there. hold it, and 
with the left ſet the body C perfeRly at reſt; in which caſe the 
rod e / will be over the mark 7; then ſuddenly withdraw the | 
Rick, in the direction that the rod g I is to follow it, and the 
ſpring of the body D, impinging upon chat of the body C, they 
will be both bent, and alſo, reſtored;, and the body C will Ay off, 


B till its rod ef covers the mark u; the rod of the 


ſtriking body D remaining at reſt upon its proper mark of reſt v, 
till the body C returns, when the body D will fly off in the 


fame manner; the two bodies thus rebounding a number of 
times, loſing a part of their vibration each time ; but ſo nearly 


is the theory of elaſtic bodies fulfilled hereby, that the ſingle ad- 
vantage of originally puſhing the rodg k beyond the mark wy 


by the thickneſs of the ſtick,,.or: its. own thickneſs,” is ſufficient 
to RR rod of the em V7 C een its 
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I There are ſeveral other experiments which may be made with 


this apparatus, in confirmation of the doctrine of the colliſion of 


_ elaſtic bodies; which being univerſally agreed upon, and well 


. the application to non- elaſtic ſoft bodies, it is far more difficult 


i to come at a fitneſs of materials for this. kind of | experiment, 
 - than it; is for thoſe ſuppoſing perfectly elaſticity... ON ny 
ook. e may ee e ee ne | 


ron TRIALS « ON: NON-ELASTIC $097. BODIES? / : 


Fon dis purpoſe. the ratchets muſt 70 applied and ok 
| orlee + fee difadet andthe hrtgn rein beck put to their 
point of reſt, let the body D be put to its mark 0 in the ſame. 


5 manner as before deſcribed, and the body C to reſt. The body 


D being let go, and ſtriking the body C at reſt, in conſequence 
of the ſtroke, the ſprings being hooked up by the ratchets, they 
both move from their reſting marks t, u, reſpectively towards 
M: Now if they both moved together, and the rod e f coyered 
SY the mark e, and the rod g h covered the mark d at their utmoſt 
limit, then they would truly obey the laws of . non-elaſtic ſoft | 
bodies; 3, becauſe their medium aſcent would be to the mark 2, 
which is juſt balf the angle of aſcent to the mark x3. but as in 
| this piece of machinery, though the main or principal ſprings 
are hooked up, yet every part of them, and all the materials of | 
| which they are compeſed, and to which they are attached, have- 
a degree, or more properly ſpeaking, a certain compaſs of elaſ- 
4 which, as ſuch, . e e Eggs 1h 


F and teen: mined: Lie | 
C Bick dnaniber. meickbed atenting; as would 
be the caſe with bodies truly non · elaſtic and ſoft; but that from 
the elaſticity they are poſſeſſed of, they will by rebounding be 
ſeparated; but that elaſticity being perfect, can occaſion no loſs 


of motion to the ſum. of the two bodies 3 ſo that if the body e 


alone mach above its mark cas the body D falls ſhort of its. 
W . 4 mark 


BG — as; —— 
be to the mark E, as it ought to haue been, had they been truly - 
 non-claſtic ſuſt bodies 3 and this, in reality, is truly the-caſe in 7 
| Ne eee b Err, [58 e 
a . e ie * 115 , 
a how dene NP WO 4 0 ſprings 
pieced erotic; iy er" Wk "brought to reſt; and here 
they would always reft had they been truly and properly perfect 


non-eclaſtic ſoft bodies; but here, as in the caſe of theſe bodies, 


by a change of the figure and ſituation of the eompotietit parts, 
there is expended one half of the mechanical power of the firſt 
mover,. yet in this caſe the other half is not loft, but ſa/pended 
ready to be reexerted whenever it is ſet at liberty; and that it is 

really and bone fide one half, and neither more or leſß =_ x 
| from this uneontroverted fimple principle, that the power or 

reſtitution of a perſect ſpring is exaQly equal to che power 
that bends it. And this may, in a certain degree, be ſhewn 
| tobefa& by experiment, if there were any need of fuch's'prodfj 
| for if, when the bodies are at reſt after tlic aſk experiment the 
res rods are laſhed together the bottom with à bit of thredd, and 
then the ratchets unpinned and removed; on cutting the thread 
with « pair of ſciffars they will each of them rebound, 0 towards 
M and D towards N, and if they rebounded reſpeckively t6 
z and y, the mechanieal power exerted would be the fame as it | 
Vas after the firoke, when the mean of their two aſeents was up 
to the mark Z; but here it is not to be expected, becauſe not 
only. the motion loft by the friction of the ratches is to be 
dedydted, 'becaufe it had the effect of real non-clafticity ;\but 
alſo the elaſticity that ſeparated them in the ſtroke, which was 
loſt in the vibrations that facceeded ; neither of which hindered 

the mean afcent'ts be to 2; but yet, under all theſe dfadvan- 
tages in the machine {if not anre#ſonably it made) the" rod cf 
Will aſcend to di and g A to a: and henee I inſer, as 4 poſitive 
truth, that in the collifion of non-claſtic ſoft bodies, one half of 
i; eee er ere e er ee 


— 


e e 


*. 
„ 


- of the center of gravity of no ſyſtem of bodies can be 


by any callifion* betwixt one another, ſomething muſt be 
| afſumed that involves a contradiction. This perfectly holds, _ 


| according to all the eſtabliſhed rules, both of perfectly elaſtic 


; and perfeAtly non-elaſticoft bodies; rules which muſt fail in the 5 


© perfeAly non-elaſtic hard bodies, if their velocity after the 


" Rroke is to the velocity of the ſtriking body as one is to the. 
" ſquare root of 2 for then the center of gravity of the two bo- 
dies will by the ſtroke acquire a velocity greater than the cen- 
1 ien 1 
portion, which is proved Wy, 3 \4 


* 
6 4 " * 
* 


Nan 4 * ey | * * 


At Wb outer or the abb ee the n 
the two bodies iti our caſe will be exaRtly in the middle between 


- _ the two; and when they meet it will have moved from their 


| half diſtance to their point of contact, ſo the velocity of the 
center of gravity before the bodies meet will be exactly one half 


of the velocity of the ftriking body; and, therefore, if the ve- 


locity of the ſtriking body is 2, the velocity of the center of | 


gravity of both will be one. After the ſtroke, 38 both bodies 
are ſuppoſed to move in contact, the velocity of the center of 


gravity will be the fame as that of the bodies; has as their ve- 
locity is proved to be the ſquare root of a, the velocity of their 
Center of gravity will be increaſed-from e my 


170 . from 1. W &c. 


The Gr FCD 
fore is, that an unelaſtic hard body (perſectly ſo) is a repugnant | 
idea, and contains in itſelf a contradiQtion; for to make itagree - 
with the fair concluſions that may be drawn on each fide, from. © 

clear premiſes, we hall be obliged to define its properties thus: 
Co 
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OE, Fo gn manera ym OO to. 4 e en en- 9 </ 

- _ _gerning\.them, „ which... contradiQs . what; is eſteemed a truth ot 
; 2 capable of che ftriQteſt demonſtration 3 viz, that the: velocity 
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